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SEVEN YEARS OF BRITISH ELECTRICITY 


The seventh annual report of the 
British Electricity Authority deals mainly 
with the year ended March, 1955, but to 
see the year’s events in proper perspective 
one should look at the whole seven-year 
period since the electricity supply industry 
was nationalised. On vesting day, April 1, 
1948, the industry had to face two main 
sets of problems. First there were the 
problems of internal reorganisation, 
whereby the responsibilities and functions 
of some 570 independent undertakings 
had to be assumed and discharged as 
smoothly and efficiently as possible by a 
central authority and fourteen area boards. 
Secondly there were the pressing problems 
of a serious shortage of generating plant 
capacity—a legacy of the war years, 
when the installation of new plant fell 
seriously behind needs. Seven years of 
persistent effort on the part of the 
Authority and its contractors have sufficed 
to make good most of the shortage. In 
1954-55, for example, new generating 
plant with a total output capacity of 
1S39MW was taken into service in 
forty-five power stations, including five 
new steam stations. In the seven years 
since vesting day the generating capacity 
was increased by 7191MW, or 63-9 per 
cent, making a total output capacity on 
March 3l1st.last of 18,438MW. By then 
the need for load spreading by voluntary 
agreement was gone and load reduction 
by disconnection of supply was required 
on only one occasion in the winter of 
1954-55 compared with nine in 1952-53 
and 267 in 1950-51. Over the same 
Period strengthening of the Grid system 
gave greater operational flexibility and 





allowed fuller use to be made of high 
efficiency plant, so that the more efficient 
stations could be used for base-load 
generation. In 1954-55, for example, 
power stations with an average thermal 
efficiency of not less than 24 per cent 
produced 64 per cent of the total output. 
Portobello power station, with a thermal 
efficiency of 31:42 per cent, had an 
average load, throughout the year, of 
91 per cent of its maximum output 
capacity; similarly, Stourport “ B,” 
with a thermal efficiency of 30°83 per 
cent, had an average load of 94 per cent. 
Although there is no room for relaxa- 
tion of effort in the installation of new 
plant, the recent overall improvement in 
generating capacity means that increasing 
emphasis can be given to technical pro- 
gress, in the Authority’s present and future 
planning. Thus, the plant programme for 
1960 includes one generating unit of 
100MW capacity, seven of 120MW and 
two of 200MW, besides fourteen of the 
so-called “‘ standard’ 60MW units. In 
the first 20OMW design the boiler is a 
twin-furnace equipment which has assisted 
circulation but is otherwise a normal 
development of reheat practice as applied 
to the 120MW unit. The turbine is a 
3000 r.p.m., three-cylinder tandem com- 
pound set with triple exhausts. The reheat 
pressure is 490 lb per square inch at the 
turbine exhaust and the final feed tem- 
perature, with six stages of feed heating, 
is 460 deg. Fah. By using internal 
hydrogen cooling for the stator and rotor 
conductors, the weight of the alternator 
is to be kept within road transport limits. 
A new thermodynamic cycle, offering the 





prospect of high thermal efficiency is 
being studied. It uses steam as the work- 
ing medium and embodies “a superheater 
designed to permit direct heat transfer 
from the burning fuel to the steam and 
thus eliminate the water boiling process.” 
On the operational side the Authority is 
pursuing its long-established policy of 
providing courses for boiler and turbine- 
house operatives. Another step towards 
‘the objective of the efficient combustion 
of coal is the carrying out of systematic 
tests at several power stations to study 
the effects of variations in firing methods 
and operating conditions. These and 
other efforts to achieve improved com- 
bustion give added emphasis to what is 
perhaps the major problem facing the 
Authority now and in the near future— 
the procurement of adequate fuel supplies 
and their efficient use. In the long run 
relief may confidently be sought from 
nuclear power, and the provisional pro- 
gramme announced in the Government 
White Paper in February last indicates 
the intention to lose no time in the 
development of this attractive alternative 
to power from coal. Twelve nuclear 
power stations are to be built and com- 
missioned by 1965, with a generating 
capacity of 1SOOMW to 2000MW, at a 
total cost of about £300 million. But 
even upon the more optimistic forecasts 
it is clear that nuclear power is unlikely, 
within the next twenty years, to provide 
enough capacity for the annual require- 
ment of new generating plant. In the 
meantime heavy oil provides the only 
economic alternative to coal and a pro- 
gramme for oil burning on a considerable 
scale has been announced. 

For the immediate future, however, coal 
will remain the principal fuel in C.E.A, 
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power stations and the Authority will 
continue to be the largest single user of 
coal in Great Britain. As such the 
Authority has attracted, perhaps inevit- 
ably, more than its fair share of criticism 
for its contribution to conditions that can 
give rise to atmospheric pollution, and, 
in unfavourable circumstances, to 
“smog.” In fairness, it should be 
appreciated that the Authority is doing a 
great deal of research on the subject, as 
indicated in its recent annual report. 
For example, it is carrying out monthly 
surveys of the atmospheric pollution in 
the neighbourhood of power stations : 
dust deposits are being measured at 221 
sites and sulphur pollution at 128 sites. 
In eleven cases it has been shown that no 
significant effect on the existing level of 
pollution has resulted from the opening 
of new stations and extensions to old 
stations. The most striking evidence has 
been produced at Carmarthen Bay and 
Uskmouth, where the previous low values 
of atmospheric pollution have not risen 
since the stations came into operation 
about two years ago. At Little Barford 
station, near St. Neots, intensive investi- 
gation has proved that the amount of 
dust deposited within a two mile radius 
is typical of that to be expected in a 
non-industrial rural district. This finding 
was confirmed when the survey was 
repeated over an area extending to seven 
miles from the station, down the direction 
of the prevailing wind. Further details 
of these field surveys were given in a 
paper on “ Atmospheric Pollution Arising 
from Power Station Operation,” given by 
Mr. G. R. Peterson and Dr. H. E. 
Crossley at the recent meeting of 
““Unipede” in London. All this work 
suggests that, with tall chimneys, efficient 
combustion and high exit temperatures, 
the newer power stations, at least, con- 
tribute little to atmospheric pollution— 
less, certainly, than would be produced 
by the burning of the same amount of 
fuel in domestic grates. But self-criticism 
is unpopular and if public opinion regards 
the Authority as the only presentable 
target perhaps it is because it seeks 
perfection in the virtuous, to encourage 
reform in the sinner. If so, the public 
must be prepared to accept the heavy 
capital cost of reducing atmospheric 
pollution from power stations, which 
“ could not be less than £140 million and 
might even reach £250 million, within the 
next ten years.” Allowing for the extra 
operating costs, an extra 12 per cent in 
the generation cost of electricity would 
have to be faced. This might not be too 
high a price to pay if it meant the com- 
plete elimination of atmospheric pollution. 
But, as the Authority’s report points out, 
even if all the sulphur dioxide were 
removed from power station gases, three- 
quarters of the sulphur pollution would 
still remain. It would remain, moreover, 
until railway electrification had been 
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completed and until some alternative had 
been found to the uncontrolled burning of 
unsuitable coal in domestic grates and 
industrial furnaces—indeed, until coal 
had come to be treated as a valuable 
chemical instead of a raw combustible. 


H.M.S. ““VANGUARD” GOES TO RESERVE 


The acute shortage of long service, 
fully trained men in the Royal Navy 
makes it impracticable any longer to 
maintain the 44,500-ton battleship “ Van- 
guard” with the seagoing fleet as the 
flagship of the Commander-in-Chief, 
Home Fleet. As has already been 
announced in the lay press, at the end of 
her present refit she is to be placed in 
reserve and kept in a high state of readi- 
ness so that she can be put into active 
service with a minimum of delay in an 
emergency. Britain’s four remaining 
battleships—the 35,000-ton ships of the 
““ King George V ” class—have been laid 
up in reserve for some years in the Gare- 
loch after having their machinery, guns 
and other working parts made air-tight 
by cocooning and their hulls made 
reasonably safe from pitting with special 
paint and cathodic protection. Several 
destroyers, frigates, minesweepers and 
other small craft are laid up in a similar 
state in various commercial harbours. 
They are thus maintained at negligible 
cost in an excellent state of preservation 
until required for service. Moreover, as 
was proved in an exercise carried out 
earlier in the year with H.M. Frigate 
“Eglinton,” it does not take long to 
‘“‘demothball”’ a small ship, embark 
stores and ammunition and commission 
her for trials. But the situation is very 
different where large ships are concerned. 
It was several weeks before the Americans 
were able to commission the battleships 
which they took out of reserve for the 
Korean campaign. Indeed, battleships, 
with their 15in or 14in gun turrets, would 
not be fit for active service for two or 
three months unless their crews had had 
previous training and experience in hand- 
ling and operating this kind of ship. 
Whether, therefore, they are kept in a 
state of readiness or mothballed and 
moored in the Gareloch, the present 
policy regarding these large vessels is 
difficult to understand. In his statement 
accompanying the current Navy Esti- 
mates, the First Lord made it clear that 
in the light of present-day conditions it 
had been decided to concentrate our 
financial and labour resources allocated 
to the Reserve Fleet on the most modern 
and most essential ships. Special mea- 
sures are to be taken to bring those 
vessels to a high state of readiness and 
maintain them in that condition. Such 
measures will, no doubt—indeed must— 
include exchanging them periodically with 
similar ships of the seagoing fleet or taking 
them to sea from time to time for trials 
and testing of equipment. It is in fact 
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the only practicable policy, in the face 
of the possibility of heavy attack from 
the air with nuclear missiles. 

This journal has consistently supyorted 
the Admiralty view that for the next fey 
years, until, at least, our ageing and war. 
weary cruisers have been replaced by 
modern and more powerful vessels, the 
five battleships of the Royal Navy should 
be retained to provide the hard core of 
Task Forces. Not one of our existing 
twenty-three cruisers is armed with a gun 
larger than 6in or is capable of fighting on 
equal terms a “ Sverdlov ” class with her 
7-lin guns. And there is increasing 
evidence in that connection to indicate 
that the Russians are now second to none 
either in equipment or in the fighting 
efficiency of their crews. No doubt it js 
comforting to rely on the aircraft carrier 
with her strike aircraft as the answer to 
the “ Sverdlov ” cruiser. But even when 
the “Hermes” and the “ Victorious” 
are completed, the Royal Navy will only 
possess seven fast carriers capable of 
operating an effective number of modern 
jet aircraft. We may well be thankful to 
have battleships available as escorts for 
carrier Task Forces to operate in enemy 
waters. They are almost as fast as the 
carriers they will escort and if they have 
no anti-aircraft guided missile armament 
they are no worse off in that respect than 
any of our cruisers—including the new 
“ Tiger’ class, which will not be in 
commission for some considerable time. 

On the other hand, with their immensely 
powerful and concentrated anti-aircraft 
gun armament, their armour and their 
elaborate sub-division, they are, both 
offensively and defensively, far more 
capable than any other kind of ship in 
existence to-day of coping with attacks 
by low-flying aircraft. Moreover, the 
ship-to-ship and ship-to-surface guided 
rockets still seem a long way off and the 
gun, it appears, will thus still have to be 
relied on for several years to come for 
actions between surface ships. To main- 
tain battleships in seagoing commission 


‘is a costly business both in men and 


money, more particularly for a class of 
vessel that may be obsolescent. But in 
view of the continuing potential value of 
these five ships over the next few years, 
it seems very desirable that all should be 
maintained in a high state of readiness. 
There is no great difficulty there. What 
will be far more difficult will be to provide 
a sufficient number of officers and men 
trained in handling and manceuvring 
such ships. This might well be achieved 
by demothballing each ship in turn for a 
period and providing her with a skeleton 
crew to take her to sea and carry out gun 
practice from one of her turrets. But 
that arrangement might prove almost as 
expensive in money and manpower as 
keeping the “ Vanguard ”’ in commission 
and would provide less satisfactory train- 
ing. 
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Institution of Engineers and Shipbuilders in 
Scotland 


ProressoR A. M. Ross delivered his 
presidential address to the Institution of 
Engineers and Shipbuilders in Scotland on 
October 4th and discussed Clydeside ship- 
building in its early days as revealed by the 
first and second Statistical Accounts of 
Scotland. Both, he said, were compiled 
from information supplied by parish 
ministers, the former being published from 
1791-1799 and the second in 1845. The 
first account, said Professor Robb, mentioned 
the shipbuilding activities at North Leith and 
Newton upon Ayr, and surprisingly only 
made general reference to shipbuilding at 
Greenock, despite the fact that some seven 
shipyards were in the area, including Scotts, 
where ships had been built for over a century. 
One minister, continued Professor Robb, 
noted that formerly large vessels belonging 
to the Clyde were built in America, but 
that the establishment of American Independ- 
ence had resulted in increased shipbuilding 
activity in the ports of the river. The second 
account made fuller mention of shipbuilding 
and referred to engineering and also gave 
more extensive information regarding ship- 
building activities at Greenock. Professor 
Robb quoted from the account, and men- 
tioned such items as numbers employed, 
wages and hours of work in shipyards and 
engineering works, and also the amount of 
shipping launched, together with the horse- 
power of steam engines manufactured. 
Another item of interest noted by the ministers, 
continued the Professor, was the effect 
of the expiration of the sole right to 
build the Watt steam engine possessed by 
Boulton and Watt when several firms com- 
menced to manufacture steam engines on a 
large scale. 


Institute of Marine Engineers’ Presidential 
Address 


On Tuesday of this week, Mr. H. A. J. 
Silley, who has been elected for a second year 
of office as president of the Institute of 
Marine Engineers, gave his presidential 
address. He took as his subject “ The 
Century in Which We Live,” and referred to 
this country’s high degree of industrialisation 
at the beginning of the century, accompanied 
by the migration of agricultural workers to 
the towns, a movement which resulted in 
increased imports of food. The expansion 
of the trade union movement and the rise 
of the Parliamentary Labour Party were 
noted as were the lessons learned from the 
general strike of 1926, and Mr. Silley went 
on to comment that the first and second 
world wars had resulted in enormous social 
and economic changes. The changes in 
the balance of shipping between the two wars, 
he continued, were adverse to this country, 
and he went on to mention the effect of 
increased consumption of oil upon the com- 
position of the world’s merchant fleets. 
After referring to the results of the exploita- 
tion of nationalism in Italy and Germany 
and the military ambitions of Japan upon the 
other nations of the world, and also to the 
technical advances made. in the air, Mr. 
Silley turned to the question of oil production 
and oil refineries, and stated that since 1948 
world refining capacity hc’ more than 
doubled and would double again by 1960. 
Since oil supplies were not inexhaustible 
it was evident, he said, that eventually nuclear 





power would supersede oil, just as oil 
superseded coal : he mentioned the twelve 
British nuclear power stations which were 
planned to be built in the next fifteen years 
and which would produce power equal to 
40,000,000 tons of coal. The development 
of new manufacturing techniques and elec- 
tronic control devices would change the 
present “‘ Machine Age” to “ The Age of 
Automation,” and he foresaw tremendous 
repercussions on our industrial system. He 
said that the problem of to-day was to dis- 
cover a formula for the adjustment of our 
social and economic life so that all would 
benefit from the new sources of power. 


School of Gas Turbine Technology 


THE facilities of the School of Gas Turbine 
Technology at Farnborough, Hants, have 
recently been extended by the construction 
of a new test building. All the courses at the 
school include a test run of a turbine, and 
for this purpose both jet propulsion and 
shaft power engines are needed. The jet 
engine is a Rolls-Royce “ Derwent,” hung in 
a normal Power Jets rig with precimeter 
thrust measurement: the test house is 
located in open country near the National 
Gas Turbine Establishment at Pyestock, and 
no elaborate silencing is needed. While 
shaft power tests were formerly done on a 
Napier “ Naiad ” coupled to a dynamometer, 
the new test house has a Rover 60 h.p. 
turbine pump fed by gravity with water from 
a large tank : the pump has been calibrated, 
so that the power consumption can be 
deduced from the flow through and head 
across it. Provision is made for measuring 
pressures and temperatures through the 
engine, and the pressure losses in the com- 
bustion chamber and the velocity distribution 
below the turbine have been studied. Air 
mass flow is derived from pitot and tempera- 
ture measurements in the exhaust. The 
principal courses at the School are devoted 
to practical work on aero engines, to the 
technology of aircraft gas turbines, and to 
that of industrial gas turbines, the latter 
paying particular attention .to the lesser- 
known process applications such as blast 
furnace blowing. In addition, the Inter- 
national Courses, one of which was in session 
when we visited the School, cover both 
aeronautical and industrial turbines : English- 
speaking engineers from many countries, 
including Western Germany, have taken this 
course. This School is the repository of a 
number of interesting turbines. In addition 
to a German “ Jumo 004,” such examples of 
early English work as the “ W.2-700,” the 
Power Jets/Coventry Climax “‘ C.P.25,” two- 
stage shaft power turbine, the Metropolitan- 
Vickers “* F.2/4’”’ ducted fan and a Bristol 
** Theseus ’’ free-turbine engine can be seen 
sectioned. Examples of current practice are 
used for practical instruction. 


The British Watch and Clock Industry 


AT a Press conference in connection with 
the exhibition “‘ Five Centuries of British 
Time-keeping,” which was held at Gold- 
smiths’ Hall, Cheapside, from October 3rd 
to 8th, Mr. M. L. Bateman, chairman of the 
British Horological Institute and a member 
of the Council of the British Clock and 
Watch Makers’ Association, gave a résumé 
of this very ancient industry and its present- 
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day importance to the trade of this country. 
Although, as]the speaker pointed out, many 
of the inventions on which clocks depend 
originated in Britain—the names of Harrison 
and Thomas Mudge, and, more recently, 
Harwood and Shortt come to mind—as an 
industry, clock and watch making suffered a 
decline in the industrial revolution owing to a 
revulsion of the craft against the introduction 
of machinery and mass production. Subse- 
quent efforts to revive it failed repeatedly, as 
governments refused to sanction the neces- 
sary protective tariffs. While the importance 
of the industry was being completely over- 
looked here, the same mistake was not 
being made abroad. Germany, in the years 
prior to 1939, not only created a vast instru- 
ment making potential herself, but by means 
of subsidised dumping succeeded in eliminat- 
ing effective competition in this country—a 
factor which was to assume significance 
during the war. From our experience at that 
time it became clear that such a thing must 
never be allowed to occur again. Accord- 
ingly, the wartime Coalition Government 
and its successors decided to develop and 
assist the watch and clock industry, first, by 
the establishment of a National College of 
Horology and Instrument Technology, and, 
secondly, by restoring protection in the form 
of the 334 per cent ad valorem import duty 
on mechanical alarm clocks. Moreover, 
£1,000,000 was voted in 1946 for machinery 
to be provided to selected watch manu- 
facturing projects on a rental basis, with 
option to acquire after five years. As a 
result, four watchmaking factories and six 
factories for making cheap mechanical alarm 
clocks and thirty-hour clocks were started. 
Of the clockmaking enterprises, three have 
proved failures. The watchmaking units, 
though not yet completely developed, were 
in 1954 between them producing a large range 
of watches at the rate of 3,000,000 per year. 
In the same year the surviving clock factories 
produced 5,000,000 clocks, of which 2,000,000 
were exported. The industry, Mr. Bateman 
stated, gave employment to some 20,000 men 
and women, a large proportion of this 
number being in development’ areas, where 
the need for new industries was particularly 
great. 


National Smoke Abatement Society 


Last week the twenty-second annual con- 
ference of the National Smoke Abatement 
Society was held at Bournemouth. It began 
on Wednesday morning and after an official 
welcome by the Mayor of Bournemouth, 
the president, Sir Ernest Smith, delivered 
his address. Sir Ernest discussed the new 
situation arising from the report of the 
Beaver Committee and from the Clean Air 
Bill, saying that that situation presented 
the Society with great responsibilities. He 
then referred particularly to the growing 
problem of smoke and fumes from road 
vehicles, especially from badly adjusted and 
badly operated diesel vehicles. It was 
curious, Sir Ernest remarked, that road users 
did not protest more forcibly, but then, he 
added, it was simply one more aspect of the 
carelessness with which we polluted the 
atmosphere and the apathy with which we 
suffered the consequences! Sir Ernest 
ended his address by some references to the 
fuel situation and the higher cost of coal 
and its derivatives. Coal production was 
falling, he said, and foreign coal was having 
to be imported at great expense, so that all 
the coal used and all its derivatives had 
become dearer. Some _ radically-minded 
people, Sir Ernest continued, had urged that 
the price of coal should be drastically raised 
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in order to enforce its more efficient use—a 
policy that had never won very wide support. 
But now we were finding ourselves forced 
into it, though for other reasons. If the 
higher price of fuel did in fact result in it 
being used more economically, thus materially 
reducing its consumption, then in the long 
run dearer fuel might prove to be a blessing 
in disguise. It must be emphasised, Sir 
Ernest said, that smoke prevention and 
economy in the use of fuel were closely 
linked together. The sixth Des Voeux 
Memorial Lecture was given on Friday 
morning by Dr. A. Parker, director of the 
Fuel Research Station. It was entitled 
‘“* The Destructive Effects of Air Pollution on 
Materials.””’ Dr. Parker ended his lecture by 
saying that there had been several attempts 
from time to time to estimate the cost to the 
country of the damage caused in various 
ways by air pollution. The most recent and 
best estimates so far made were those given 
in the Beaver committee report. According 
to those estimates, which were probably on 
the low side, the direct costs were in the 
region of at least £150 million a year. This 
figure included only the extra cost of laundry, 
painting and decorating, cleaning and depre- 
ciation of buildings, corrosion of metals and 
damage to textiles and other goods. If the 
cost of loss of efficiency was added, Dr. 
Parker said, the committee estimated the 
total cost of air pollution to be not less than 
£250 million a year. That figure did not 
include a loss of £25,000,000 to £50,000,000 
from the imperfect combustion of coals, 
which caused much of the pollution. Dr. 


Parker added that it was practicable greatly 
to reduce the quantities of pollutants dis- 
charged into the atmosphere by determined 


action on the lines recommended in the 
Beaver Committee’s report. 


Retirement of Sir William Halcrow 


It has been announced by Sir William 
Halcrow and Partners that Sir William 
Halcrow retired from the partnership on 
October Ist. He will continue to be asso- 
ciated with the firm as a consultant. Sir 
William, who is seventy-two years of age, 
has had a long and distinguished career in 
civil engineering, many of his achievements 
being in the design and construction of docks 
and harbours and of hydro-electric works. 
He has also been responsible for a great deal 
of tunnelling work in the London area, for 
underground railways and, during the war, 
for deep shelters. Sir William’s recent work 
has included chairmanship of the panel which 
reported on the Severn barrage scheme, and 
of the panel for the Kariba and Kafue 
hydro-electric schemes in Rhodesia ; he also 
advised the Gold Coast Government on the 
Volta hydro-electric scheme. An idea of the 
breadth of Sir William’s experience can 
perhaps be given by mentioning three of the 
many professional appointments he has held. 
In 1946-47 he was president of the Institution 
of Civil Engineers. He was a member of the 
engineering advisory committee to the War 
_Cabinet, and he is a member of the Royal 
Fine Arts Commission. 


Financial and Social Aspects of Road 
Development 


AT a meeting of the International Road 
Federation, held in Rome on October 3rd to 
5th, an address was delivered at the first 
session of the meeting by Mr. F. A. C. 
Guépin, who is a vice-chairman of the 
Federation and a managing director of the 
Royal Dutch and Shell Group of oil com- 
panies. Mr. Guépin asserted that the most 
striking economic fact about road develop- 
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ment in the last twenty years was that it had 
failed to meet the needs of an expanding 
world economy. It had failed in almost 
every country, to a greater or lesser degree, 
he continued, resulting in waste on a stagger- 
ing scale of national and industrial resources. 
Everywhere it was restricting economic 
expansion and nullifying hard-won increases 
in productivity. Mr. Guépin continued by 
giving arguments in some detail of the 
economy effected by good roads, and said 
that there could surely be no doubt that 
improved roads brought increased national 
prosperity ; he was not calling for a nation 
to spend its national resources on roads, but 
to invest them. Amongst the statistics which 
he quoted to illustrate his argument, Mr. 
Guépin included some figures from a road 
conference in the United States, which stated 
that a completely integrated road system in 
that country would save annually 3500 lives 
and 120,000 injuries. 


Obituary 


THORNYCROFT DONALDSON 


Mr. THORNYCROFT DONALDSON, whose 
death, we regret to note, occurred on 
September 24th, had been actively associated 
with John I. Thornycroft and Co., Ltd., for 
over fifty years. Mr. Donaldson, who was 
eighty-two, was born at Chiswick, his father 
being in partnership with the late Sir John I. 
Thornycroft. 

Thornycroft Donaldson was educated at 
Charterhouse and at Trinity College, Cam- 
bridge, and he also studied at the Central 
Technical College under Professor Ayrton. 
He subsequently became assistant engineering 
manager at Thornycroft’s Chiswick yard, 
where he did a great deal of work on the pro- 
duction of the first torpedo boat destroyer. 
At the same time he was closely concerned 
with developments in marine engine design. 
On the formation of John I. Thornycroft and 
Co., Ltd., in 1901, Mr. Donaldson became 
technical director, and when the Chiswick 
yard was closed he transferred to the new 
Woolston works at Southampton, where he 
undertook responsibility for all the machinery 
design. He was appointed director and 
general mahager of the Woolston works and 
shipyard in 1921, and did not, in fact, retire 
completely from active participation in 
the business until a couple of years or so ago. 

In addition to his technical ability, which 
was continually reflected throughout his long 
career as a marine engineer, Mr. Donaldson 
was particularly successful in the handling of 
the many problems which arise in the running 
of an industrial organisation. Mr. Donaldson 
was elected an associate member of the 
Institution of Civil Engineers in 1898 and 
was transferred to full membership in 1913. 
In 1899, he was awarded a Telford Premium 
by the Institution for his paper on “ Stress in 
Bent Pipes.” 


R. B. PILCHER, O.B.E. 


THERE are many engineers, especially those 
engaged in chemical engineering, who re- 
member the years of valuable service rendered 
to the Royal Institute of Chemistry by Mr. 
Richard Bertram Pilcher. We regret to record 
his death, which occurred at Northwood, 
Middlesex, on October Ist, at the age of 
eighty-one. Richard Pilcher was born at 
Patrixbourne, near Canterbury, and as a 
youth spent a couple of years or so in a 
stockbroker’s office. During that time he 
studied chemistry at King’s College, London, 
and in 1892 he joined the staff of the Royal 
Institute of Chemistry. Mr. Pilcher was 
appointed assistant secretary of the Institute 
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in 1894, succeeded to the secretaryship a year 
later, and in 1900 he became registrar ang 
secretary. He continued in that office unt] 
his retirement early in 1945, by which time 
he had completed fifty-three years’ unbroken 
service with the Institute. 

Richard Pilcher’s work for the Royal 
Institute of Chemistry was not confined to his 
able guidance of its day-to-day affairs. He 
was a frequent lecturer at schools and colleges, 
all over the country, on science as a career 
and on the history of science. In the first 
world war he served on many Government 
committees concerned with various aspects 
of munitions production, and in the years 
that followed he did a great deal of work 
associated with education in cheniistry, 
Furthermore, Mr. Pilcher was deeply inter. 
ested in the formation and the work of the 
Parliamentary and Scientific Committee, of 
which he became a member in 1935 and a vice. 
president in 1943. He was also a past- 
president of the Chartered Institute of 
Secretaries, to the fellowship of which he was 
elected in 1897. 

During his long and valued career with the 
Royal Institute of Chemistry, Richard Pilcher 
was the author of many articles published 
in the scientific and technical press. We 
recall especially a series of articles entitled 
** What Industry Owes to Chemical Science,” 
which, in collaboration with Frank Butler- 
Jones, he contributed to our columns. These 
articles were subsequently reprinted as a 
book in THE ENGINEER library series. 


R. C. MACDONALD 


WE have learned with regret of the death of 
Mr. Robert C. Macdonald, which occurred 
recently, at the age of eighty-one, at Melrose. . 
For many years, until his retirement in 1934, 
he was chief mechanical engineer of the South 
Metropolitan Gas Company. 

Mr. Macdonald served his apprenticeship 
with Sir William Arrol and Co., Ltd., of 
Glasgow, and on its completion he continued 
with the firm in the department of the 
drawing-office dealing with coal-handling 
plant and hydraulic stoking apparatus. 
From 1901 he spent a period as assistant 
manager at the Glasgow tube works of 
John Marshall and Sons, returning to Messrs. 
Arrol as resident agent in 1903. The works 
on which Mr. Macdonald was engaged then 
included the erection of the Queen Alexandra 
Bridge at Sunderland, the Transporter Bridge 
over the River Tees at Middlesbrough, and 
the widening of Blackfriars Bridge. In 1914 
he became works manager to Sir William 
Arrol and Co., Ltd., a position which he 
occupied until 1916, when he was appointed 
the chief mechanical engineer of the South 
Metropolitan Gas Company. During his 
eighteen years of service with that company 
Mr. Macdonald was responsible for the 
rebuilding of the large gasholder at Silver- 
town, following its collapse after an ex- 
plosion in 1917 ; the reconstruction of the 
company’s Greenwich workshops, and the 
modernisation of the whole of the company’s 
equipment to meet the engineering demands 
of modern gasworks practice. Mr. Mac- 
donald was a member of the Institution of 
Civil Engineers and of the Institution of 
Mechanical Engineers. He was also, at one 
time, vice-chairman of the Commercial 
Motor Users’ Association, and was keenly 
interested in the work of the National 
“Safety First” Association. The earlier 
years of Mr. Macdonald’s retirement were 
particularly active ones; he not only 
travelled extensively, but during the second 
world war he returned to the service of the 
gas industry by becoming consulting engineer 
to the Severn Valley Gas Corporation. 
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Crack Formation and Stress Concen- 
tration Effects in Direct Stress Fatigue 


By N. E. FROST, B.Sc.(Eng.), A.M.I.Mech.E.* 
No. II—{ Concluded from page 467, September 30th) 


Reversed direct stress (zero mean load) fatigue tests have been carried out on vee- 
notched cylindrical specimens of aluminium alloy. Microscopic examination 
revealed that non-propagating cracks could be formed in the root of the notch. 
A crack formed grows to a uniform depth and is continuous around the periphery 
of the notch. It appears that the cracks are fully formed after about 100,000 
cycles. There is a minimum nominal stress below which cracks do not form, but 
between this value and the nominal stress at the fatigue limit of the notched 
specimens, non-propagating cracks are always formed. The extent of the penetra- 
tion of the non-propagating crack depends on the stress field generated by the 
notch and seems to be equal to the depth of material over which the alternating 
maximum principal stress is greater than the fatigue limit of the virgin material. 
The effect of the formation of these non-propagating cracks on the stress-concentra- 
tion effects of notches is discussed and it is suggested that they lead to the idea of a 


limiting maximum strength reduction factor. 


The experimental work described 


is to be extended to cover a wide variety of notch shapes, materials and loading 
conditions. 


VARIATION OF CRACK DEPTH WITH 
ENDURANCE 


NE of the difficulties in the study of 

fatigue cracks is to decide whether or not 
acrack is propagating. In the next section of 
this article it is shown that non-propagating 
cracks, of a definite length dependent on the 
applied nominal stress, are formed at the root 
of the notch. It is realised that as each 
determination of crack length was done 
on a different specimen a certain element of 
doubt enters into the interpretation of the 
results. However, the fact that the results 
have been so consistent from specimen to 
specimen tends to eliminate this uncertainty. 

Fig. 23 shows the crack depth plotted 
against the number of cycles for the tests at 
+2 tons per square inch. The crack reaches 
its maximum length in about 100,000 cycles 
and then remains constant, from which it 
seems reasonable to conclude that the crack 
is non-propagating. 

Once the crack has formed the stress 
concentration effect due to the notch appears 
to be considerably reduced and in the transi- 
tion period of the redistribution of stress the 
crack apparently grows until the stress field 
acting around the crack is insufficient to 
cause further propagation and the crack 
remains static. This is discussed later in the 
article. 

The Schenck fatigue machine requires 
about 10,000 cycles to reach a stable running 
condition and so it is not possible to run 
tests with any-degree of accuracy for less 
than this period. The transition period is to 
be investigated further by means of slow 
reversed tests. 


VARIATION OF CRACK DEPTH WITH STRESS 


Fig. 24 shows the crack length plotted 
against the applied nominal stress. It is 


interesting to note that the results tend to’ 


lie on a straight line the equation of which is 
d=0-004 (c—1), where d is the. crack depth 
and o the nominal stress. No reason is 
apparent why a linear relation should exist, 
and no undue significance is attached to the 
equation. The crack length concerned is the 
maximum non-propagating length. From 
the previous section, it is concluded that 
cracks formed at stresses of +2 tons per 
square inch and below are. non-propagating. 
It is also reasonable to assume that the crack 
formed at +24 tons per square inch in the 
specimen which ran for more than 30x 10° 
cycles without breaking and gave a very 
even depth of crack will also be non- 


* Mechanical Engineering Researcn Laboratory, East Kilbride, 
Glasgow, 





propagating. The crack which formed at 
+3 tons per square inch is known to be 
propagating ; however, from the previous 
section the transition period takes about 
100,000 cycles so that the +3 tons per square 
inch test stopped after 100,000 cycles might 
be expected to give results which roughly 
agree with the other tests. 

Regarding the tests at +1 ton per square 
inch, one test was run for 1,500,000 cycles 
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must act over a minimum length of material, 
in other words, the so-called “layer theory,” 
was considered. 

In an attempt to put forward an 
explanation of the phenomena observed, the 
following two assumptions are made :— 

(1) The crack will grow through that depth 
of material which has been subjected tg a 
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Fig. 24—Relation between maximum non-propagating 
crack depth and nominal stress 


stress equal to or greater than the initiation 
stress and then stop, provided that the stress 
is less than the propagation stress. 

(2) The initiating stress must act over a 
fixed minimum length of material for a 
crack to form (the “ layer theory ”’). 

Table III gives the values of the three 
principal stresses set up by the notch and 
acting across the root diameter of the 
specimen. The stress distribution values are 
based on the theoretical treatment by 
Neuber® assuming, that the notch was 

hyperbolic in profile 
and could be consider- 











nial ed as a deep notch. 

. > The basic equations 

0-004} To 28-05 x 10” Cycles for o, the load tudinal 

a stress, o» the circum- 

3 0-003 ferential stress and o, 

* the radial stress, are 

3 given in the appendix, 

hate together with the 

& necessary comput- 

0-00! ation for obtaining the 
stresses. 

, ; = In general, the initi- 

0 106 2x10 3x10 4x10 ation of a crack which 

Cycles is assumed to be the 


Fig. 23—Crack depth plotted against endurance for tests at + 2 tons per square inch result of slip processes 


while the other was continued for 12,500,000 
cycles. 
detected. Considering simply that the theo- 
retical elastic stress at the bottom of the 
notch for a nominal stress of +1 ton per 
square inch will be +18 tons per square 
inch, as the theoretical elastic stress-concen- 
tration factor for the notch is 18, it was 
expected that a crack would be formed. As 
no crack was found, however, the possibility 
that the stress necessary to initiate the crack 


TABLE I1]—Values of Longitudinal, Circumferential 
and Radial Stresses Across Minimum Section of 
Specimen for an Applied Nomino: Stress of p Tons/sq. in 








Distance from | Longitudinal Circum- Radial 
specimen axis, stress 6x, ferential Stress Gy, 
inches tons/sq. in stress Ow, tons/sq. in 
tons/sq. in 

0 0-S50lp 0-412p 0-41ip 
0-1 0-507p 0-416p 0-416p 
0-2 0-527p 0-429p 0-435p 
0-3 0-565p 0-457p 0-470p 
0-4 0-636p 0-506p 0-536p 
0-45 0-695p 0-545p 0-592p 
0-5 0-786p 0-605p 0-676p 
0-55 0-944p 0-708 0-823p 
0-60 1-314p 0-938p 1-159p 
0-61 1-467p 1-030p 1-294p 
0-62 1-693p 1-162p 1-487p 
0-63 2-081p 1-378p 1-797p 
0-64 2-984p 1-842p +407, 
0-642 3-357p 2-018p 2-614p 
0-644 3-914p 266p 2-872p 
0-646 4-863p 648p 3-192p 
0-648 6:983p 3-367p 460p 
0-649 9-635p = ~— 
0-65 18-198p 5-690p 0 














In neither case could a crack be- 


might be expected to 

be governed by a 
maximum shear stress or octahedral stress 
criterion, while the propagation of a crack 
might be expected to obey a maximum prin- 
cipal stress criterion. As the problem here 
is concerned with the length of fully-grown 
non-propagating cracks and the experimental 
evidence shows that in general these cracks 
are at right-angles to the longitudinal stress, 
it would appear that the maximum principal 
stress is the operative factor. Fig. 25 shows 
the distribution of maximum principal stress 
across the root diameter, the stress being 
plotted in terms of the nominal stress 
+p tons per square inch. If it is assumed 
that the stress necessary to initiate a crack 
is the fatigue limit of the plain specimens in 
direct stress fatigue (i.e. +9-75 tons per 
square inch for this material), and p is given 
the nominal stress values used in the tests 
(ie. +1, +14, +2, +24, +3), then Fig. 25 
gives the principal stress distribution for 
each stress value, and at each of these values 
the length of material over which the stress 
exceeds +9-75 tons per square inch can be 
read directly from the curve. Table IV gives 
the values obtained. Fig. 26 shows the 
theoretical lengths plotted against the nominal 
stress. The experimental points from Fig. 24 
are also plotted on Fig. 26; it can be seen 
that at all stresses except 1 ton per square 
inch (where no crack was found), excellent 
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agreement is obtained between the theoretical 
and measured crack lengths. A _ similar 
analysis using the maximum shear stress or 
octahedral stress in place of the maximum 
TABLE IV—Values of Theoretical Crack Lengths 
Read from Stress Distribution Curve 
Fatigue limit of plain specimens taken as +9-75 tons/sq. in 


N@Pninal stress, 


tons/sq. in 

; | _ 

aod ee | 
| | 


principal stress does not give such good 
agreement. 

Although the point at +1 ton per square 
inch is of no importance practically, as it 
is all to the good if a crack is not formed, it 
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Scale p | Length from curve 
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Stresses are in terms of 
nominal stress p tons per sq. in, 


Stress - tons per sq. in. 














0-5 0-55 06 
Distance from Specimen Axis - inches 
Fig. 25—Distribution of longitudinal stress across 
minimum section of specimen 


0-65 


is interesting from a theoretical point of view. 
The theoretical crack length at this stress 
should be of the order of 0-00lin, but as no 
crack forms, it could be assumed that this 
is the minimum layer of material required 
over which the stress must act before damage 
can occur. Preliminary work in bending 
fatigue has indicated that a minimum layer 
of approximately 0-00lin will explain size 
effect in this material. 

Fenner, Owen and Phillips* give the esti- 
mated lengths of the cracks found in mild 
steel. As their specimens were of the same 
shape as those for the aluminium alloy, 
Fig. 25 again gives the distribution of the 
maximum principal stress. The average 
length of the cracks measured was 0-0016in 
(average of four tests) at a stress of +1-7 
tons per square inch and 0-002in at a stress 
of 2-4 tons per square inch. The fatigue 
limit of the material was +14-5 tons per 
square inch and, as for the aluminium alloy, 
the length of material over which the stress 
exceeds this value can be read directly from 
Fig. 25. These results are also plotted on 
Fig. 26, where an additional abscissa scale 
of nominal stress/fatigue limit of plain 
specimen enables both the akuminium alloy 
and mild steel results to be plotted on the same 
graph. 
results are in good agreement. 

The most interesting and important con- 
clusion from this analysis is that the full- 
grown length of non-propagating cracks can 
be determined from the maximum principal 
stress distribution. Further work is being 
done with different materials, and with other 
shapes of notches to give different stress 
distributions. It is also intended to repeat 
the work in rotating bending as in this case 
crack propagation may be considerably 


It can be seen that the mild steel. 
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more complicated than in direct stress. It is 
hoped that the results of these tests will help 
to determine whether the maximum principal 
stress law governing the length of the crack 
is a general criterion or not. The effect of a 
mean stress on the crack growth is also to be 
investigated. 


THE EFFECT OF NON-PROPAGATING CRACKS 
ON STRENGTH REDUCTION FACTORS 


For the notch used in the experimental 
work the theoretical elastic stress-concentra- 
tion factor is approximately 18. However, 
from the ratio of the fatigue limits of the 
plain specimens to that of the notched 
specimens the strength reduction factor is 
only 3-9. Many investigators have attempted 
to explain this difference between the theo- 
retical and actual stress-concentration effect. 

It is necessary to be sure of the accuracy 
of the theoretical treatment before attempting 
any explanation. Neuber’s® rigorous treat- 
ment of the analysis of a deep hyperbolic 
notch is generally accepted, and it is assumed 
that the slight deviation in profile caused by 
making the notch its actual shape instead of a 
hyperbola has little effect. For the theoretical 
factor of 18 to be fully realised the fatigue 
limit of the notched specimens would have 
to be 9-75/18=0-54 ton per square inch. 
From the experimental work, however, a 
nominal stress of +14 tons per square inch 
is necessary to form a crack, but even if a 
crack did form at a stress of 0-54 ton per 
square inch it could not propagate until a 
nominal stress slightly in excess of +24 tons 
per square inch was applied. If the assump- 
tion is made that when a crack has grown 
to its full non-propagating length the effect 
of the notch is virtually destroyed due to the 
stress relieving itself by forming the crack, 
then only the nominal stress will be acting 
on the crack, so that, irrespective of the 
shape or sharpness of the notch, the 
crack cannot propagate until an alternating 
stress, slightly in excess of +2-5 tons per 
square inch is applied. | Hence there is a 
limiting strength reduction factor equal to 
9-75 
2:5 
for this material. In other words, it is 
impossible for a notched specimen in this 


0-010; 


=3-9, which it is impossible to exceed 


© Ep points ( alloy). 
© Experimental points (mild steel). 
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Continuous line represents theoretical depths based on fatigue 
limit of plain specimens of +9-75 tons per square inch for 
aluminium alloy 


Fig. 26—Comparison of theoretical and experimental 
crack depths 


material to have a fatigue limit below +2-5 
tons per square inch. 

Proof that only the nominal stress exists 
when the crack has formed at the root of the 
notch is supplied by the mild steel specimens 
discussed later in this section. In this 
material three deep notches of different shape 
all gave the same fatigue limit, showing that 
the notch is having no effect on the propagat- 
ing stress, and hence the nominal stress can 
be said to be the propagating stress.* Further 


* Brown and Hickson* carried out photoelastic tests on the 
stress-concentration effect of a crack by inserting a razor blade 
cut in the root of a circular notch. The resulting photoelastic 
pattern suggested that the stress effect at the root of the crack 
was zero, but the authors concluded that, probably, tnis was not 
true, and that the region affected by the high stress was so smali 
that it could not be resolved with the optical equipment used. 
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remarks on this subject are discussed at the 
end of this section. Phillips and Heywood’ 
carried out direct stress fatigue test; on 
notched specimens exactly similar in shape 
to those described in this article, and employ. 
ing a mild steel and a nickel-chromium steel, 
As the notch was of the same dimensions, 
the theoretical elastic stress-concentration 
factor was again 18. Considering the mild 
steel, the fatigue limit of the plain specimens 
was +14-5 tons per square inch, while the 
value for the notched specimens was --3-9 
tons per square inch. Fenner, Owen and 
Phillips,* using the same mild steel and same 
shape notched specimen, discovered non- 
propagating fatigue cracks at a stress of 
+1-7 tons per square inch. Hence, non- 
propagating cracks would be found in any 
specimens tested at stresses between this 
value and the fatigue limit of +3-9 tons per 
square inch. Applying the same argument as 
for the aluminium alloy, a limiting maximum 


strength sete 3°7 


exists for the mild steel and whatever the 
sharpness of the notch introduced, it is 
impossible to exceed this value, or, in other 
words, it is impossible to have a fatigue 
limit below +3-9 tons per square inch as 
this is the stress required to propagate the 
crack. Phillips and Heywood? also carried 
out a series of tests on the same material 
and using the same type of notched specimen 
except for the fact that the notch root radius 
had been increased to 0-025in. This gave a 
theoretical elastic stress-concentration factor 
of approximately 5. As this is greater than 
the limiting value of 3-7, the specimens 
should show a fatigue limit of +3-9 tons 
per square inch. Phillips and Heywood’s® 
results confirm this, as the 0-002in and 
0:025in radius notches gave exactly the 
same fatigue limits. A recent paper by 
Hikata’ gives the results of tests on specimens 
containing a deep hyperbolic notch with a 
theoretical elastic stress-concentration factor 
of 4-68, using a mild steel having similar 
properties to that used by Phillips and 
Heywood.’ The fatigue limit of the plain 
specimens tested was 14-6 tons per square 
inch, while the largest of the notched speci- 
mens gave a fatigue limit of +3-9 tons per 
square inch, confirming the above argument. 

Considering now the nickel-chromium 
steel used by Phillips and Heywood,° the 
fatigue limit of the plain specimens was 36:6 
tons per square inch, and for the notched 
specimens +4-°5 tons per square inch. 
Unfortunately, no examination of the notch 
fer cracks was made and the argument cannot 
be rigidly applied to this material. How- 
ever, if it is assumed that non-propagating 
cracks were present, the limiting maximum 


reduction factor 


strength reduction factor becomes a< 
=8-1. Further tests were run in this nickel- 
chromium steel on notched specimens with 
a root radius of 0-025Sin, giving, as for the 
mild steel, a theoretical stress-concentration 
factor of 5. However, unlike the mild steel 
tests, the value of 5 is now less than the 
limiting value of 8-1, so it would be expected 
that the full value of 5 would be realised. 
This agrees exactly with the experimental 
results. 

The above argument can be summarised 
as follows. For each material there exists a 
limiting maximum strengh reduction factor 
which is determined by the ratio of the stress 
necessary to initiate the fatigue crack to the 
stress necessary to propagate the crack. For 
any notch or stress raiser introduced into a 
specimen the value of the theoretical stress- 
concentration factor will be realised so long 
as it is below the limiting value : any values 
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higher than this limiting value will merely 
result in the limiting value being obtained. 

It has been stated previously that fatigue 
jimits lower than certain values cannot be 
obtained on the various materials. This, of 
course, refers only to fatigue tests carried out 
under normal conditions of testing and does 
not include such variables as temperature or 
corrosive effects. It is well known that under 
conditions of corrosion fatigue there appears 
to be no fatigue limit and lower values than 
those given above will result. However, the 
roblem is no longer purely a stress one, but 
is also dependent on the chemical change of 
the material due to the coirosive action. 

Table V gives the values of the limiting maxi- 


Taste V—Values of Initiating Stress, Propagating 
Stress and Limiting Strength Reduction Factors 








Initiating | Propagating | Limiting 
Material stress, stress, 8 
tons/sq. in tons/sq. in | concentration 
factor 
Aluminium alloy + 9°75 4+2°5 3-9 
Mild steel ... ..- +14°5 43-9 3-7 
Ni-Cr steel... -- +36°6 +4°5 8-1 

















mum strength reduction factor for the three 

materials discussed. The table illustrates 
clearly the so-called notch sensitivity of 
materials. It can be seen that while the 
stress to propagate the crack is of the same 
order for the two steels, the ratio of the 
initiation stresses is about 3. This explains 
why mild steel is termed notch insensitive, 
while alloy steels are designated notch 
sensitive. 

Jt must be emphasised that the work has 
been done on deep notches where, when the 
theoretical stress-concentration factor is 
below the limiting value, the full theoretical 
value is realised. It is well known that small 
notches or stress raisers do not realise the 
true theoretical value even when below the 
limiting value. This also applies to the cracks 
formed, which do not approach anything 
like the theoretical value. This can tenta- 
tively be explained by the minimum layer 
theory as explained previously. The stress 
gradients set up by small notches or cracks 
are not sufficiently deep to permit the initiat- 
ing stress to act over the necessary minimum 
length, and hence a crack cannot be initiated, 
until a nominal stress in excess of the theo- 
retical failure value is applied. 

The whole of the above argument can be 
tentatively explained in terms of stress 
gradient and the minimum layer theory. The 
stress distribution field for the 0-002in 
radius notch is given in Fig. 25. It is obvious 
that the stress field generated by a, crack 
itself must be more severe than this, and that 
the combination of a notch and crack will 
give intermediate stress gradients. As the 
crack grows at the bottom of the notch the 
stress field will move away from the notch 
and at the same time become steeper. Hence 
the radius of the notch root becomes unim- 
portant and the stress field is approximately 
the same for different notches, provided a 
crack is present. This is shown by the photo- 
elastic results of Brown and Hickson.® 
Whether or not the crack will then propagate 
depends on whether this resulting combined 
stress field is sufficiently broad to allow the 
initiating stress to act over the necessary 
minimum layer for the material. 


PROPAGATION AND INITIATION OF CRACKS IN 
PLAIN SPECIMENS 


Many investigators have endeavoured to 
assess fatigue damage by some other kind of 
mechanical test. Fatigue tests have been 
stopped after 90 per cent of their estimated 
life and tensile or Izod tests have been 
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carried out on the specimen, often at sub- 
zero temperatures, in an effort to determine 
whether or not a fatigue crack has started. 
The majority of the work has given negative 
results. 

The reason for this is indicated in Table V. 
The figures in this table give some indication 
of the rate of propagation of a crack in a 
plain specimen. For the nickel chromium 
steel, if a crack will propagate at +4-5 tons 
per square inch, then in a plain specimen at a 
stress equal to or above the fatigue limit of 
+36-6 tons per square inch a crack must 
propagate extremely rapidly as soon as it 
forms. This is contrary to the view that 
a crack can be growing in a plain specimen 
for 90 per cent of the estimated life. 

However, if the value of the initiation 
stress was very low, say, for a material such 
as fully annealed pure copper, then if the 
initiation stress is of the same order as the 
propagation stress, it is possible for a crack 
to form and propagate slowly. 

The problem of the spread of a fatigue 
crack in a plain specimen cannot be genera- 
lised but depends on the ratio of the initiation 
to the propagation stress for the particular 
material. 

For the materials included in Table V the 
crack in a plain specimen under direct 
alternating stress will propagate so quickly 
that it would be virtually impossible to stop 
the machine the instant a crack had formed 
and before it had had time to propagate 
across the specimen. 

The above reasoning applies only to 
direct stress fatigue machines. In rotating 
bending machines the increased deflection 
due to the formation of the crack allows the 
machine to be stopped before the crack has 
propagated completely. 


CONCLUSIONS 


(1) Non-propagating cracks up to a length 
of 0-006in can be formed in the notched 
aluminium alloy specimens used. The growth 
of the crack is not influenced by grain 
boundaries, and the direction is generally at 
right-angles to the applied stress. 

(2) The length of the non-propagating 
crack set up by the notch appears to be 
determined by the length over which the 
maximum principal stress exceeds the initiat- 
ing stress. 

(3) There exists a maximum limiting 
strength reduction factor for a given 
material which cannot be exceeded irrespec- 
tive of the type of stress raiser. 

(4) Propagation of a fatigue crack in a 
plain specimen cannot be generalised but 
depends on the ratio of the initiation to 
propagation stress. 
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APPENDIX 


The stress distribution set up by a deep 
hyperbolic notch has been treated by Neuber.*® 
If . 


6,= longitudinal stress 
o,=circumferential stress 
o,=radial stress. 
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then 
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For Cartesian co-ordinates 


x=sinh u cos v 
y=cosh u sin v cos w 
z=cosh u sin v sin w. 


The maximum stress conditions occur across 
the plane at the bottom of the notch, i.e. when 
u=0. 

The only material constant to appear in the 
equations is Poisson’s ratio which occurs in the 


term @. 
a=2(1 +) S 
m 


1 
For the material used = is taken as 0-3. 


e=1):4, 


Substituting in the equations and also noting 
that when u=0 h=cos v. 
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Therefore 
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The constants are defined as 
A=(a—1)(1+ cos vo) C. 





B=A—C cos? vp 
— — P25 +(2— ee se Yo 
where 
1 
COS Vo= V@PtD 
and 


a—=radius of specimen at minimum section 
e=root radius of notch. 


The notch used in the paper had «=—0-6Sin, 
e=0-002in. 


This leads to the values : 


A=—0-214965p 
B= —0-213403p 
C=—0-50921p. 


This gave the final stress equations as : 
__0-49949p _0-001562p 











ou Cos V cos® v 
_0°518929p 0-214965p 
ow Cos v cos v (1+ cos v) 
0: 305526p , 0:214965p _0-001562p 
So Cosv | cos v(1+cos v) cos? y 


The numerical values are tabulated in Table IIT. 
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Strikes—Official and Unofficial 


By GERTRUDE WILLIAMS 


HE recent spate of strikes in the transport 

industry has roused public interest and 
consternation to a degree unknown since the 
General Strike of nearly thirty years ago. 
More space has been devoted in the news- 
papers to discussions of possible means— 
statutory and otherwise—of avoiding stop- 
pages than ever before in this generation. 
The visitor from Mars, newly-arrived on 
this planet, would certainly get the impression 
that the whole economy was torn by rival 
factions and that the various groups glared 
at one another over impassable barriers with 
little wish or opportunity to settle their 
differences by peaceful negotiation. 

The strike on the railways and, even more, 
the strike in the docks, caused a great deal 
of inconvenience and some heavy losses ; 
but it is well to maintain a sense of proportion 
in these matters. It is possible that these 
occurrences have made such an impact on 
the national consciousness largely because 
they are such a contrast to the remarkably 
pacific nature of most of the industrial 
bargaining that goes on in this country. 
This is something to be grateful for; because 
it was not always so. In the five years before 
the first world war, 16,394,000 working 
days were lost on the average annually 
through strikes. In 1922-27 the figure was 


the colossal amount of 63,219,000. True, 
this last period includes 1926, the year of 
the General Strike ; but even if you exclude 
that year the average loss of the remaining 


four was 13,263,000 and the losses of the 
next five-year period were about the same. 

Contrast with this the period after the 
second world war. In the decade, 1940-51, 
only 1,250,000 days a year were lost on the 
average and one industry alone, coal-mining, 
accounted for over half this total. The 
current year has broken this fine record for 
already more time has been lost through 
strikes than in the average year since the 
war. But though the number of working 
days lost is generally so much less than it 
used to be, the actual number of stoppages 
has increased. In the first period to which I 
referred the number of strikes per year 
averaged 846 and in the decade after the 
1914-18 war it ranged from 400 to 500; 
but in the post-1945 period there have been, 
on the average, 1500 strikes a year. The 
stoppages have been much more frequent, 
but they have mostly been small disputes 
involving comparatively small numbers of 
men. What has made 1955 stand out is 
that the disputes have involved large numbers 
of workers in a major industry. A national 
strike of locomotive men is something that 
cannot be overlooked by anybody in the 
country, and a big stoppage in the docks 
soon affects food supplies so that everybody 
hears about it. Yet, even this year, there 
were, during the first five months, 805 strikes 
in the coal-mining industry alone, involving a 
loss of 872,000 working days ; but I doubt 
if anybody not directly concerned was aware 
of any stoppage at all. 

The fact is that a national strike in a major 
industry has become something of a rarity. 
There are many more strikes than there used 
to be but they are small affairs, lasting, 
perhaps, only a few days and involving only 
small groups of men. Over the greater part 
of the economy collective bargaining is 
highly successful in settling industrial affairs 
in a peaceful and statesmanlike way. This 
state of affairs is a tribute not only to the 


good sense of the unions and employers’ 
associations, but to the various bodies 
brought into being by the State to help the 
process of peaceful negotiation. 

The outstanding characteristic of British 
trade unionism is its voluntary nature. This 
freedom of association has been jealously 
guarded and the somewhat peculiar legal 
position of trade unionism in this country 
and the kinds of arbitration machinery that 
have been developed by the State can, both, 
be directly attributed to the desire to maintain 
it. It is important to emphasise this fact in 
view of the recent discussions during which 
suggestions have been put forward for legis- 
lative control of trade union activity. A 
break with tradition is often necessary ; but 
it is well to make it with one’s eyes open and 
a full appreciation of what is involved. 

By and large it is true to say that relations 
between employers and employees in Great 
Britain reflect codes of conduct which have 
been autonomously developed and which 
could not be enforced in a court of law. 
Even in many unorganised industries there 
are long-standing “‘ customs of the trade” 
or of the district which are upheld by both 
sides without any external sanction. In the 
majority of industries, of course, these codes 
of conduct are the result of prolonged 
negotiation between organisations represent- 
ing the two sides and embodied in highly 
complicated and detailed agreements. Never- 
theless, these written agreements are not 
contracts in the legal sense of that term. 
Nobody who breaks such an agreement can 
be brought before a court of law and punished 
for so doing. The agreements are binding 
only in good faith and, over the years, the 
unions and employers have built up their 
own machinery for enforcing them. 

There are, of course, many laws, enforced 
by the State, which prescribe the environ- 
mental conditions in which work may be 
carried on. Public health laws and factory 
legislation put upon the employer, as legal 
occupier of a factory, the duty to see that 
the health and safety of those who enter 
the premises, whether workers or not, are 
protected ; but these duties are not part 
of the contract of employment and are 
placed on the employer as an “ occupier of 
premises ” who must ensure that the premises 
are not unsafe, and not on him as an em- 
ployer of workmen. 

In this respect, the few industries in which 
statutory wage negotiating machinery has 
been established—such as the Catering 
Wages Board, the Agricultural Wages Board 
and the Wages Council in such occupations 
as the retail distributive trades—present 
marked contrast to the general picture. 
In these industries, which by definition have 
no effective union organisation, and in which 
no protective customs had spontaneously 
grown up, the State had to step in and 
provide the means by which the industry 
could settle its affairs. In such cases the 
agreements are legally binding and are 
enforced by an inspectorate which can, in 
the last resort, prosecute those who break 
them in a court of law. But such arrange- 
ments cover only three to four millions 
out of the 21,000,000 of the occupied popu- 
lation who are employees. For the most 
part industries reach their agreements without 
any help from the law and enforce them by 
their own voluntary machinery. 

This is not to say that there are no legal 
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sanctions governing the contract of employ. 
ment ; indeed there are. The point is that 
in the eyes of the law, the contract is made 
between an individual employer and an 
individual worker. The terms of the contract 
are, in fact, based on those that have been 
collectively agreed, but it is only if the indj. 
viduals concerned break the contract that 
any legal wrong has been committed. Now 
it is part of the civil liberty maintained by this 
country that no man can compel another 
to work for him. If one man has agreed to 
work for another and fails to do so, the 
injured party can sue for damages incurred 
as a result of the breaking of the contract 
of service and the law may award him such 
redress ; but it could not compel the worker 
to return to work if he did not wish to do go, 
Suppose, then, that a union breaks an agree. 
ment it has made with an employer by, for 
example, calling a strike before it has gone 
through all the accepted procedure, the 
employer could not sue the union for breach 
of contract, since these collective agreements 
are not legally binding. But if the workers 
came out on strike without giving the cus- 
tomary notice, the employer could sue each 
worker individually for breaking his con- 
tract and collect whatever damages the 
court awarded. He would, however, have 
no grounds on which to sue if the due notice 
was given and in no circumstances could he 
ask the court to order the workers back to 
work. 

With the exception of the nationalised 
industries on which a statutory duty is laid 
to establish machinery for collective bargain- 
ing, there is not even a legal obligation on 
employers to enter into negotiations with 
trade unions at all. Even this “ recognition ” 
of the unions as representatives of the workers 
on whose behalf they negotiate, rests on a 
voluntary basis. And, indeed, it was just 
this recognition of the unions as the ac- 
credited spokesmen of their members that 
was the biggest bone of contention during 
the nineteenth century. Much of the aggres- 
siveness of contemporary trade unions and 
many of the present day “ attitudes” of 
unionists have their origin in the bitterness 
of feeling engendered in this fight to estab- 
lish the right of the unions to bargain on 
behalf of their members. The great turning- 
point came with the Royal Commission of 
Labour of 1890 which, in its report, welcomed 
the growth of workers’ organisations as 
“* the most remarkable and important feature 
of the present industrial situation,” and 
looked forward to a time in which constant 


‘discussion between powerful trade unions, 


on the one hand, and powerful employers’ 
associations, on the other, would enable a 
peaceful settlement of problems of common 
interest. And so strongly was the belief 
held that the people engaged in industry should 
settle their own affairs without external 
interference, that all the efforts of the State 
have been mobilised to support and assist 
this voluntary co-operation rather than to 
supplant it. 

Already by the end of the last century several 
industries had made agreements about the 
procedure to be followed if a dispute should 
arise ; and often this procedure culminated 
in an appeal to an impartial “ third party” 
to act as arbitrator between workers and 
employers. When organisation was largely 
regional, it was not too difficult for both 
sides to agree to submit their dispute to a 
man of known integrity in the area ; but 
as the scale of organisation increased it 
became more difficult to find anybody whose 
reputation for knowledge and good judg- 
ment was known to everybody and some- 
times stoppages occurred simply because 
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there was nobody suitable to whom an 
appeal could be made. The chief help 
given by the State, therefore, has been in the 
provision of a body of conciliators and arbi- 
trators who could be called upon when an 
industry’s Own negotiating machinery had 
proved unsuccessful in reaching an agree- 
ment; and each successive Minister of 
Labour has laid it down as a general prin- 
ciple that such third parties cannot be brought 
into action until all the recognised pro- 
cedure of the industry has been fully utilised. 

The authority of the Ministry of Labour 
to help in settling disputes derives from the 
Conciliation Act, 1896, and the Industrial 
Court Act, 1919. Assistance may be given 
in three ways :— 

(i) Conciliation. 

(ii) Arbitration. 

(iii) Investigation and inquiry. 

It is the duty of the industrial relations 
department of the Ministry of Labour to 
keep itself fully informed about the state of 
relations between employers and employed 
and to do all it can to foster joint negotiation, 
both in ordinary circumstances and when a 
dispute seems to be brewing. But if a dis- 
agreement gets beyond the stage when con- 
ciliation can be effective the department does 
not itself offer to arbitrate. Legally it could do 
so but as a matter of administrative practice it 
has found it better to look to outsiders in 
whom both parties to the dispute have con- 
fidence, and much valuable work is done 
by officials in discovering such persons and 
urging disputants to put their case before 
them. The arbitrator may be an individual 
or a board, appointed ad hoc or reference 
may be made to the Industrial Court, a per- 
manent independent tribunal, brought into 
being by the Act of 1919. The members of 
the court are appointed by the Minister of 
Labour, but the court is not subject in any 
way to Government control or influence. It 
consists of persons representing the interests 
of employers and workpeople and a number 
of independent persons, one of whom is 
chairman. Reference to any of these types 
of arbitrator is entirely voluntary. No dis- 
pute can be submitted either to a single 
arbitrator or to the Industrial Court until 
the industry’s own procedure has _ been 
fully utilised and then only provided both 
parties to the dispute agree. Moreover, 
even though the parties have agreed to 
put their case before the court, they are 
not bound to accept its decision. The 
award has no_ legal force whatever, 
though it is, in fact, extremely rare for 
it not to be accepted. Indeed, from the 
time of the establishment of the court up 
to the beginning of the recent war, there were 
only four of the awards out of a total of 
nearly 1800 which failed to be observed. 

The third form of assistance provided by 
the Government—that of investigation and 
inquiry—follows rather a different line. It 
springs from the recognition that industrial 
disputes, like international wars, are some- 
times decisively influenced by other factors 
than the relative physical strength of the 
disputants. Experience showed how large a 
part could, at times, be played by public 
opinion which occasionally forced employers 
to make concessions to a body of workers 
who were too poor and too weakly organised 
to stage a fight on their own behalf or, on the 
other hand, created such an adverse situation 
that a strongly organised trade union with 
ample resources called off a strike that it 
could have afforded without difficulty. Un- 
fortunately, however, the public was usually 
ill-informed on the issues involved and was 
more likely to resent the interference to its 
own routine of life than to consider seriously 
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the rights and wrongs of the quarrel. More- 
over, it is not only the public that often finds 
it difficult to disentangle the issues. A strike 
rarely takes place on an absolutely clear-cut 
matter ; it is usually the culmination of a 
long series of irritations and disagreements 
so that when open hostilities break out the 
back log of differences exacerbate feelings on 
both sides and the important fundamental 
problems tend to get overlaid by all sorts of 
other matters. 

Part II of the Industrial Courts Act there- 
fore empowers the Minister of Labour to set 
up a court of inquiry into the causes and 
circumstances of any dispute whether a 
strike has actually broken out or not. As the 
court is to investigate rather than to make an 
award, the Minister does not need to get the 
consent of the parties to the dispute ; he can 
act on his own initiative. The court may 
consist of one independent ‘person or of an 
independent chairman with other persons, 
chosen from outside the industry concerned, 
to represent the interests of employers and 
workpeople respectively. Whilst it is not its 
function to arbitrate, it is not precluded from 
making recommendations upon which a 
reasonable settlement might be based ; and, 
as a matter of fact, experience has shown that 
when recommendations are made following 
on such an impartial examination of the 
facts and circumstances, they have proved 
of great value in enabling the disputants to 
reach agreement. This method cannot, how- 
ever, be used for more than a small pro- 
portion of disputes. It takes time and 
patience to collect the facts in the case and to 
separate carefully the important issues in- 
volved from the accumulation of irritating, 
petty grievances. So that the number of 
quarrels to whose settlement a court of 
inquiry contributes is obviously very much 
less than those brought before the Industrial 
Court. 

Already before the’ war there were many 
who felt that the time had come to take a 
further step and to make arbitration com- 
pulsory—that is, to prohibit strikes by law 
and compel an industry whose own concilia- 
tion machinery had been unable to reach a 
settlement to submit the matter to such an 
impartial body as the Industrial Court, whose 
award should become legally enforceable. 
Both employers and employed strongly 
opposed the introduction of any element of 
compulsion and in view of the recrudescence 
of this proposal it is worth while to consider 
why it is so strongly opposed. 

The biggest difficulty in the way of com- 
pulsory arbitration is to know on what prin- 
ciples a decision could be based. A false 
analogy is often drawn between industrial 
disputes and civil quarrels. When a judge 
is called upon to decide between two dis- 
putants in a court of law he is not asked to 
give his own personal opinion of which party 
has right on his side, but it is simply his duty 
to administer the law. However precise the 
drafting of a law may be, it cannot possibly 
cover every set of circumstances that might 
possibly arise within its scope, and it is left 
to the judge to interpret it and apply it to 
the special situation with which he has to 
deal. He is not asked to determine who is 
right or wrong on moral grounds nor has 
he the power to change the law itself—that 
remains the prerogative of Parliament. In 
his private capacity he may even believe 
the law to be wrong, but he must still 
administer it as it is. 

But industrial disputes are not generally 
about the interpretation of an already existing 
contract (though there are occasionally 
instances of this) ; they are concerned with 
what a future contract ought to be, and it is 
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just because there is not general agreement 
on this that the dispute has arisen. If an 
analogy is sought it would be found best in 
the international field where the United 
Nations has been set up to provide an 
alternative method of settling disputes with- 
out recourse to armed force, but where it is 
realised that, until there is a much wider 
measure of common agreement with regard 
to the basic principles of international 
relationships, each country retains its right 
and power to wage war. 

Far and away the most numerous of all 
industrial disputes centre round wages 
(though the issue may sometimes be couched 
in other terms, as, for example, the length 
of the normal working day or week). How 
much ought a man to be paid ? According 
to the cost of living, and if so, on what 
standard of living ? According to the time 
and expense involved in acquiring the skill 
and experience, and, if so, how does one 
measure these ? According to sex ? Or to 
the profitability of the occupation ? Or to 
the demand for the grade of worker in relation 
to the supply? Or what? Everybody 
disagrees on the answers to these questions. 
There is no generally accepted principle for a 
board of arbitration to administer by 
applying it to a particular situation, and if 
disputes had to be submitted compulsorily, 
such a board would be in the position not 
of a court of law, but of Parliament; it would 
be creating the law and not merely administer- 
ing it. 

This lack of agreed fundamental principles 
does not matter when recourse to arbitration 
is voluntary, for the disputants are not 
expressing their belief in the super-wisdom 
of the arbitrator; they simply show that 
they are willing to agree on a compromise 
if one that seems reasonable can be suggested. 
It cannot be too often emphasised that there 
is no such thing as a “right” wage or a 
** right’ number of hours to be worked, in 
the sense of a wage or working day determined 
by moral or social principles on which all 
could agree if they were made clear to them. 
A wage, like the price of anything else, is a 
matter not of principle, but of contract 
between the interested parties; and whenever 
two individuals or two groups of individuals 
have to come to terms on a matter in which 
their interests are not completely identical, 
and in which there are no universally accepted 
principles of right behaviour, compromise 
is the only solution. It is significant that 
voluntary arbitration is much more successful 
when no reasons are given for the award. 
Both sides are readier to accept the terms 
of the decision than to agree with the reason- 
ing which led to it. 

There is another difficulty in the way of 
compulsory arbitration and that is the 
method of enforcing an award. If both 
parties agree to put their quarrel before a 
third party, it is to the interest of both not 
only to accept but to get those they represent 
to do the same. But there are no means of 
ensuring that a compulsory award will be 
accepted, in the sense that men will actually 
come to work on the terms laid down in the 
award. The decision may become a legally 
enforceable part of the contract of employ- 
ment, but, as was pointed out earlier, accord- 
ing to English law, no individual has the 
right to compel another to work for him, and 
the workers who disagree with the award 
may simply refuse to work. If they do this 
collectively there is a strike and, in a country 
that is not ruled by a Gestapo, there are no 
ways of preventing it. Men cannot be 
imprisoned for exercising their right of 
choosing not to work for a particular 
employer, nor, even if they could, would 
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there be sufficient prison accommodation 
for the numbers involved by a strike in a 
major industry. Nor would it be feasible 
to penalise the union officials and make them 
into scapegoats for their comrades. The 
officials could stand aside and let the members 
strike without being called out formally, or 
they could go to prison and strengthen their 
position by becoming martyrs for the cause. 

These difficulties are well illustrated by 
the experiment in compulsory arbitration 
during the war and immediate post-war 
years. From 1940, when Defence Regula- 
tions 1305 came into force, strikes were 
legally prohibited unless the Minister of 
Labour had failed to take cognisance of a 
dispute within three .weeks of its being 
reported to him, and the National Arbitration 
Tribunal which was set up as the machinery 
for compulsory arbitration made awards 
which were legally binding on the industry 
or section of industry to which they referred. 
But there were two circumstances which 
allowed this system to be workable. In the 
first place, it was introduced on the recom- 
mendation of the Joint Consultative Com- 
mittee composed of the representatives of 
organised workers and employers of the 
whole country. In order to prevent the 
slowing down of essential military and 
civilian production, both sides voluntarily 
urged the Minister to suspend the right to 
strike. Compulsory arbitration was not 
imposed on the workers ; it was voluntarily 
undertaken as a contribution to the national 
effort. 

The second circumstance which made this 
situation different was that the individual 
no longer had freedom of choice of occupa- 
tion. By the National Service Acts the 
Minister of Labour had control of the whole 
adult population and could draft men and 
women where he liked—into the services, 
from one industry to another and from one 
locality to another ; and having this power, 
he could, if he liked, lay down the conditions 
of employment. In practice, the Minister 
did not constantly use this power; he 
preferred to work, as is usual in this country, 
through the existing institutions. But the 
legal power was there and could be used 
when necessary. 

Even with this power, strikes took place. 
They were, of course, unofficial strikes, that 
is, they were called by ad hoc committees 
and not by the unions, and the men on strike 
did not receive strike pay from union funds. 
Nevertheless they were strikes and the 
Government could do nothing about them. 
During the war itself and in the immediate 
post-war period these unofficial strikes were 
se few and so small in extent that they could 
be safely ignored ; but as time went on, 
they grew in number and importance and it 
became evident that the voluntary sacrifice 
of the freedom to strike no longer had the 
support of the majority of the workers. 
At that point it had to be given up. 

Both sides in industry, however, had come 
to appreciate the value of a body with more 
power than that of the Industrial Court 
to deal with certain disputes and the repeal 
of Order 1305 was the signal for the passing 
of Order 1376 which set up the present 
Industrial Disputes Tribunal. The com- 
position of this body follows the familiar 
tripartite pattern, representative of indepen- 
dent persons, employers and workpeople. 
When a dispute is reported to the Minister 
he may—but is not compelled to—trefer 
it to the Tribunal. He will not do so unless 
he is satisfied that all the joint negotiating 
machinery of the industry has been fully 
utilised and, even then, he may refuse to do 
so if the dispute has been allowed to go to 
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the length of an actual stoppage. The 
Tribunal differs from the Industrial Court 
in that the former has an element of com- 
pulsion in it whilst the latter is entirely 
voluntary. A matter may be referred to the 
Industrial Disputes Tribunal if only one of 
the parties concerned asks for it and the 
award made becomes a legally enforceable 
clause in any future contract governing the 
terms of employment of that group of worker. 

Because of this element of compulsion 
the Industrial Disputes Tribunal has a some- 
what narrower scope than that of voluntary 
methods of arbitration. It concerns itself 
only with “conditions of employment ” 
and does not deal with such matters as the 
“* closed shop ” or whether particular workers 
should belong to one union rather than 
another. A dispute centring round the class of 
worker entitled to do a certain job or whether 
union men can be expected to work alongside 
unorganised workers cannot be referred to 
the Tribunal. Again, the award made by 
the Tribunal governs the contract only of 
those actually involved in the particular 
dispute referred ; it may have reference to 
a single employer or to one worker or a small 
group of workers. The decision does not 
automatically become common to the whole 
trade as was the case with the awards of the 
National Arbitration Tribunal during the 
period when strikes were illegal and com- 
pulsory arbitration was general. 

This outline has served to show how 
firmly based on the voluntary principle have 
been all the developments in this country 
for dealing with industrial disputes. And, 
after the first spasm of exasperation caused 
by the strikes of this year, there have been 
few people in responsible positions who have 
argued in favour of any legislative change. 
Are there, however, any further steps that 
can be taken within the voluntary system ? 
In his presidential address to the Trades 
Union Congress this. year Mr. Geddes 
proposed the setting-up of an Arbitration 
Appeal Tribunal ; but it is difficult to see 
what purpose this could serve. What could 
any other body do—whether called “* Appeal” 
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or not—more than is already done by the 
existing methods of arbitration? The 
real trouble springs from the fact that an 
arbitrator is trying to assess what would 
be reasonable in the given circumstances 
and that there are any number of possibie 
variations of what can be considered 
“reasonable” according to the point of 
view that is taken. Voluntary arbitration 
has had a great deal of success because both 
employers and workers have usually behaved 
like reasonable men. They recognise thit 
they have a large area of common interest 
and that it is sensible to settle on some- 
thing which may be a little less than each 
had hoped for but is also, perhaps, a little 
more than each feared they might have been 
forced to accept. The hope of finding a 
short cut to Utopia by setting up one 
more committee dies very hard ;_ but in the 
matter of industrial relations we have to 
face the fact that the short cut takes us 
nowhere. This does not mean to say that 
we must reconcile ourselves to more and more 
industrial warfare but it does mean that the 
only way to reduce the number of strikes is 
by a change in attitude rather than by creating 
further arbitration machinery. The remark- 
able variation in the incidence of strikes in 
different industries is a pretty good indica- 
tion of the extent to which disputes depend 
on the readiness—or otherwise—of those 
concerned to talk matters over like reasonable 
men. In some industries there has been no 
strike within the working lives of the men 
now employed ; in others, such as the mines, 
there is rarely a week free from a strike 
amongst one group or another. Such marked 
differences are not related entirely to the 
differences in the nature of the work nor of 
the conditions of employment ; they are 
indicative rather of the way in which people 
approach their industrial problems. Strong 
evidence has been forthcoming recently that 
the leaders of many of the most important 
unions recognise the need for some such 
change ; the crucial problem for the im- 
mediate future is how far they can take their 
members with them along this path. 


Researches 


The Parsons and Marine Engineering Turbine Research and Development 
Association this week opened its research station at Wallsend-on-Tyne to 


visitors. 


Some of the displays, which range from steam-raising plant to gas 


turbine transmissions, are described below. 


TT activities of Pametrada are frequently 
published in papers to professional insti- 
tutions, and the Association’s own Annual 
Report, summarised in these pages on Aug. 5, 
1955, describes a great many of the varied funda- 
mental and technological investigations carried 
out. The displays at the station this week give the 
visitor some idea of the apparatus and organisa- 
tion needed to achieve these results. A prominent 
display illustrates the achievement over ten 
years of the design section, whose turbines have 
been reduced 30 per cent in weight and 15 per 
cent in cost of manufacture with a corresponding 
drop of 15 per cent in fuel consumption. 

The merchant marine demand for low consump- 
tion is well reflected in the increasing temperatures 
applied in both steam and gas turbines. A recent 
example of Pametrada practice can be seen in the 
double-casing high-pressure ahead and astern 
turbine installed in the machinery trials building ; 
this accepts steam at 575 1b per square inch gauge 
and 940 deg. Fah. It incorporates the double- 
casing method of construction, in which the 
nozzles and diaphragms are carried in a separate 
cylinder with a relatively simple longitudinal 
joint, and this cylinder is surrounded by exhaust 
steam contained within the main structure. The 
inner cylinder rests on palms and is located by 
chocks or keys ; its comparatively short length 


assists the reduced thermal gradients in mini- 
mising hogging. The astern turbine is housed in 
a separate casing. Experiments on a quarter 
scale model, Fig. 1, confirmed that the de- 
sign would suffer very little from thermal 
distortion. We learn that engines already con- 
structed have shown that the design includes 
many features desirable for seagoing applications : 
the bearings, for instance, are outside the casing 
and readily accessible, while the high-pressure 
joint of the inner cylinder is small and simple 
and access to the nuts is straightforward. 

The demand for high-temperature gas turbines 
introduces not only refined mechanical con- 
struction, but also radical types of blading. The 
single-stage cooled turbine that has been built to 
prove these techniques will have each rotor blade 
hollow and filled with liquid metal ; under the 
intense accelerative forces prevailing, convection 
currents in the metal transfer heat from the 
aerofoil section down to the root, which is in 
turn cooled by water circulated through the rim 
of the rotor. With this technique the hollow blades 
are not subjected to additional bursting force 
due to the water being kept under high pressure 
to allow it to reach temperatures around 800 deg. 
Fah. The turbine is intended to maintain a blade 
temperature of 1200 deg. Fah. in a gas stream at 
2200 deg. Fah. We cannot at this date illustrate 
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or describe the blade construction used in the 
rotor; the stator blades are hollow ceramic 
castings, and all other components in the high 
temperature gas stream are ceramic lined. Our 
illustration, Fig, 2, shows the combustion chamber 
developed for this installation without its brick 
lining ; the rails on which the bricks will be 
mounted can be seen inside it. There are four 
flame tubes, each with an independently isolated 
and removable sprayer. The mixing character- 
istic of the chamber is so thorough that any 
number of burners can be alight while the turbine 
is running. The control system is such that 
isolating One sprayer raises the spill pressure on 
the remainder, so that there is not an abrupt fall 
in output temperature. 

The theoretical investigation of a 10,000 h.p. 
engine with turbines running at 2200 deg. Fah., 
compared to a steam turbine plant with inlet 
conditions 650lb per square inch gauge and 
850 deg. Fah., shows an efficiency of 38-8 per 
cent, 1°35 times that for the steam installation ; 
this gain will clearly vanish if the high-tempera- 
ture plant requires distillate fuel costing 50 per 
cent more than residual oil. Later work on the 
single-stage unit will therefore include running 
on residual fuel oil. It will be recalled that the 
achievements of the Association in establishing 
boiler oil as a fuel for turbines running at to-day’s 
industrial temperature levels were described by 
the Research Director in addressing the Institute 
of Marine Engineers in May last; already 
fundamental work is in hand at temperatures 
around 2000 deg. Fah. We understand that early 
results indicate that, when a blade is cooled 
to 1200 deg. Fah., corrosion is greatly reduced, 
giving grounds for hypothesising that the blade 
temperature rather than the stream temperature 
may be critical in this connection. 

The constructional problems of the high- 
temperature gas turbines are also leading to 
novel solutions. The turbines of one projected 
installation are designed for end assembly ; 
the stator blades are assembled on six segments, 
each segment carrying five rows of blades in the 
case of the h.p. turbine. The short segment, 
naturally, distorts far less than a semi-circular 
one under the same temperature gradient. The 
six segments are offered up to the rotor in a 
vertical attitude and clamped to a carrier ; the 
whole assembly is then lowered into a fabricated 
outer casing. Pressure ratios are so high that 
the casing of the h.p. turbine is only about 2ft 
in diameter on a design for over 6000 h.p. 
Sealing in the axial direction is by piston rings. 

Despite the successful demonstration at the 
last Open Week of gas turbine transmission by 
ahead and astern hydraulic couplings, develop- 
ment in this direction is still proceeding. The 
later designs incorporate friction clutches to 
eliminate the slip of approximately 4 per cent 
when steaming ahead. Sintered metal friction 
faces achieving a coefficient of friction of 0-1 
when running in oil are used, and the design is 
based on a loading of 1000 1b per square inch. 
The oil pressure needed to close the clutch, 
which is of the order of 800 lb per square inch, 
is generated by the centrifugal field associated 
with gearbox input shafts, so that the normal 
lubricating oil supply can be used. An advantage 
of sintered iron facings in this case is that any 
fragments becoming detached can be extracted 
from the oil by a magnetic filter. A clutch on 
the same principle has also been designed for 
cruising turbines in naval installations ; it is 
anticipated that it will give less trouble than 
existing mechanical “* free-wheel ’’ type clutches. 

A great deal of work has been done on 
noise and vibration problems. The Muirhead- 
Pametrada wave analyser, already well known, 
has now been supplemented by a low-frequency 
analyser with a frequency range of 0-33 to 
33 c/s, comfortably overlapping the previous 
19 to 20,000 c/s, and by an automatic analyser. 
The latter, sponsored by the Admiralty, is used 
to record on paper tape the distribution through 
three frequency bands of 20 to 200, 200 to 2000, 
and 2000 to 20,000 c/s of any,trace ona short length 
of magnetic tape ; an analysis of good accuracy 
can be made in a matter of minutes. An interest- 
ing application of vibration technique allows 
rotors to be balanced in their own bearings at 
low speeds ; out-of-balance forces are fed into 
a magnetic pick-up by a sprung mass system, 
which is in effect a mechanical amplifier tuned 


THE ENGINEER 








NK ah 
gb pe 


a la 


Fig. 1—A 14 scale model of the double casing steam turbine, fitted with highly sensitive air gauges 
to register distortion as it is warmed through. The further vertical hose feeds the astern casing 


Fig. 2—Combustion chamber of the 2200 deg. Fah. gas turbine prior to fitting with the lining. The 
arrangement of the four flame tubes and sprayers can be seen and, facing the camera, 
one observation window 








Fig. 3—Apparatus for turbine blade vibration investigation 
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Fig. 4—Two types of impulse blade under similar total pressures in air ; the second set is developed 
to handle supersonic flows 


to the rotational speed of the rotor being 
balanced. A reference pulse is supplied by a 
pin on the shaft passing a small electromagnetic 
coil, and the instrument presents actual vibration 
velocity and the angular position in which out-of- 
balance predominates. An accuracy equal to a 
stop balancing machine can be achieved by this 
technique. 

Fig. 3 shows the apparatus used in a funda- 
mental study of turbine blade vibration. An 
oscillator feeds an exciting frequency to an 
electromagnetic vibrator, seen secured by a 
clamp, and the resulting movement is sampled by 
a Fielden “ Proximity Meter” feeding into a 
capacitance bridge. The bridge output is 
recorded on a Briiel and Kjaer high-speed level 
recorder, seen in the right foreground. The 
level recorder is calibrated by use of the traversing 
microscope above the blades. To reproduce the 
conditions in an actual turbine, a rig is used in 
which the specimen blades are held stationary 
and the nozzles rotated; strain gauges and 
magnetic pick-ups extract the blade response. 


The Schlieren photographs reproduced as 
Fig. 4 were taken in a simple supersonic wind 
tunnel built to provide information for the 
design of impulse blading to operate in a super- 
sonic stream. The first picture shows conven- 
tional convergent-divergent blading, and the 
absence of shock waves at the leading edges 
indicates that the blades have choked the flow 
and velocities are not supersonic. The second 
picture, taken with the same total pressure 
upstream, shows a flow at a Mach number of 
1-5 over supersonic blading at 10 deg. positive 
incidence. Separation can be seen faintly occur- 
ring well towards the trailing edges ; the effect 
visible at the junction of the oblique shock and 
the convex surface is a result of the use of a short 
specimen length of blade. 

Other working exhibits ranged from a simple 
thermal shock test on silicon carbide through a 
gas turbine fuel system and a model reversing 
transmission to a 30,000 h.p. naval steam plant 
driving a hydraulic dynamometer capable of 
rapid manceuvring ahead and astern. 


Bold “A” Power Station 


On September 30, 1955, Mr. J. Eccles, deputy chairman (operations) of the 


Central Electricity Authority, officially opened Bold “* A” power station. 


The 


station has a present installed capacity of 60MW, in the form of two 30MW 


turbo-alternator sets. 


Two further similar sets are scheduled for completion in 


1957. Operation is on the unit principle, with one 300k-lb per hour boiler per set, 
with steam conditions at the turbine stop valve of 600 1b per square inch and 
850 deg. Fah. Coal is supplied by conveyor from the neighbouring Bold colliery, 
while cooling water, which at present is taken from the St. Helens Canal, will later 
be replaced by treated effiuent from a sewage works at Parr, now under construc- 


tion. 


A further station, Bold “* B,” consisting of three 60MW sets and three 


550k-/b per hour boilers, will later be erected at an adjoining site. 


| pone ‘** A’ power station is situated on the 
south side of, and adjacent to, the main 
railway line between Liverpool and Manchester, 
about 3 miles from the centre of St. Helens. 

It was in August, 1947, that the Central Elec- 
tricity Board authorised the construction of a 
power station in the St. Helens area to meet local 
power demands. A site had been selected by 
St. Helens Corporation at Ashtons Green, but 
after it had been decided to modernise Bold 
colliery, the present site of 88 acres was adopted 
instead. The colliery was to be reorganised and 
developed to such an extent as to make it 
possible to supply a much larger station with 
one-inch or smaller crushed slack, but it turned 
out subsequently that the possible output had 
been overestimated. It is, however, anticipated 
that the new coal preparation plant will be able 
to provide approximately 550,000 tons a year of 
washed slack of lin downwards, sufficient for an 
output of 300MW, which is eventually to be 
installed at the site. 

Coal arriving by conveyor from the colliery is 
either fed into the bunkers or delivered to stock, 
from which the bunkers are replenished at week- 
ends or during holidays. A limited number of 
sidings adjoining the Manchester-Liverpool line, 
and a wagon tippler, have been provided for use 
in an emergency. 

The reason for using washed coal is that under 
the colliery reorganisation scheme several new 
seams are to be worked at one time and the 
resulting mixtures have to be washed to obtain 


a satisfactory and uniform quality of fuel. Any 
excess moisture is removed before the coal is 
transferred to the power station. i 

The new station lies partly in the parish of 
Bold in the rural district of Whiston, and partly 
in the borough of St. Helens. Provision has been 
made by the St. Helens Corporation for a sewage 
works at Parr, from which the treated effluent 
will be pumped to supply cooling tower make-up. 
Until this scheme is completed in 1956 arrange- 
ments have been made with the Docks and 
Inland Waterways Executive to take this water 
from the St. Helens-Widnes Canal, from where 
it is pumped to the station through the sewage 
effluent mains. 

Site investigation, including test bore-holes 
and trial pits, carried out in 1948, showed that 
the site consisted of some 80ft of boulder clay 
under 12in of top soil. This is quite capable of 
supporting most parts of the station with the 
exception of the chimneys and certain coal con- 
veyor trestles, which have had to be piled. 

To the north of the main railway line there is 
an area consisting of a top layer of peat to a 
depth of up to 16ft. This area is used for ash and 
dust disposal, and care had to be taken that any 
resulting upthrust would not affect the railway 
line or the cooling tower make-up lines and the 
cables which cross this land. The pipelines are 
carried here on prestressed concrete beams 
supported by piles. 

Construction was started in April, 1950, and 
work on the main foundations in January, 
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1951. The boiler house, turbine house, work- 
shop and circulating water pump house are of 
steel-framed construction, with cladding in rusti¢ 
brick and the roofs consisting of aluminium 
decking covered with roofing felt. The remainder 
of the buildings, such as the 33kV switch house 
and the control block, the amenities building end 
the administration offices, are constructed of 
concrete-encased steel frames, rustic brick 
cladding and concrete roof beams finished with 
roofing felt. 

The control room and 33kV switch house 
building consists of three floors and a cable base- 
ment. The ground floor accommodates the 
main switchgear, batteries and CO, equipment, 
the first floor a cable chamber, and the second 
floor the operating room, metering room and 
relay room. A portion of the roof above the 
control panels is raised to provide natural light- 
ing. From the second floor a corridor leads 
to the turbine house, and bridges give access to 
the administration block. 

Although ultimately four 30MW sets will be 
installed, only sufficient of the turbine house has 
been constructed to accommodate two turbo- 
alternator sets at 56ft centres, together with a 
28ft loading bay. The span of the turbine house 
is 94ft between column centres, a temporary 
gable end being provided at the west end of the 
building. The operating floor is formed of pre- 
cast concrete units finished with terrazzo tiling. 
An overhead travelling crane of 65 tons 
capacity and 88ft 6in span has been installed. 

The electrical annexe to the turbine house has 
had to be extended to its final length to accom- 
modate gear used with the first two sets. 
Accommodation is provided for station and 
unit transformers, with chlorinating plant on the 
ground floor and auxiliary switchgear on the first 
floor. 

The boiler house is divided from the turbine 
house by a brick partition wall, and has also 
been completed only as far as present. require- 
ments demand, the end being closed by a tempo- 
rary gable. Two boilers and auxiliaries, and two 
continuous coal bunkers, each of 570 tons 
capacity, are installed. The bunkers are pro- 
tected internally by a 2in layer of Gunite. 
Granolithic paving on concrete units is used 
on the operating floor of the boiler house, while 
the weigher floor has grid flooring and the tank 
floor is of reinforced concrete. 

The boiler house electrical annexe has two 
floors. The ground floor accommodates the 
boiler transformers, exhauster and feed regu- 
lators, and the first floor houses the auxiliary 
switchgear. 

The administration block is a two-storey 
building with precast concrete floors finished 
with terrazzo or plastic tiles. It is heated by a 
system of electric panel heaters, and has access 
to the control room building over the connecting 
bridge. 

The workshop and stores are housed in a 
building immediately to the east of the main 
building, from which access is provided py means 
of a raised corridor. A 10-ton overhead electric 
travelling crane is provided in the workshop. 

The canteen and amenities block is of single- 
storey construction, and is connected with the 
main building by a bridge via the workshop 
building. This building also is equipped with 
electric panel heaters. 

Coal Handling—Coal supplied from Bold 
colliery on a two-shift basis is passed through 
the colliery preparation plant and then through 
a batch weigher and automatic sampler pro- 
vided by the National Coal Board for purposes 
of costing. Provision has been made, however, 
for check weighing. A 200-tons-per-hour con- 
veyor then brings the coal to the main junction 
tower at the station, where a radial conveyor is 
installed for stocking out to the storage area and 
reclaiming with the help of bulldozers. 


Coal brought by rail can be discharged into a 
hopper by means of a 200-tons-per-hour combined 
side discharge tippler. A conveyor from the 
hopper leads to the main junction tower. 

A 200-tons-per-hour belt conveyor takes the 
coal from the main junction tower to magnetic 
separators, screens and crushers, from where a 
sloping conveyor, which incorporates a belt 
weigher, takes it to the bunkers. 

Boiler Plant.—Bunker coal passes from the 
boiler house bunkers through chutes to the 
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Fig. 1—Bold “ A’”’ power station which has a present installed capacity of two 30MW sets 


mill table feeders, and from these to the pul- 
verising mills. For test purposes, portable 
weighers can be installed in any of the coal 
chutes associated with a particular boiler. 
Altogether, three pulverisers are provided per 
boiler, each with its own feeder. Capacity is 
such that with coal having a moisture content of 
12 per cent and ash content of 15 per cent, full 
combustion can be maintained with two mills 
only. Means of drying and classifying the coal 
are incorporated in each of the mills, which are 
designed to deal with moisture contents up to 
15 per cent. 

From the mills variable speed exhauster fans 
with paddle impellers take the fuel to the burners, 
of which there are twelve to each boiler, three 
ateach corner. The flame is directed tangentially 
to a circle which is concentric with the axis of 
the combustion chamber. Superheater steam 
temperature is controlled for boiler evaporative 
rates of 240,000-300,000 Ib per hour by auto- 
matically varying the angle of the burners in a 
vertical plane. 

Air for combustion is drawn from the top of 
the boiler-house by the forced draught fans 
(two per boiler). After being preheated by the 
combustion gases some of the air passes through 
the fuel mills to the burners, the remainder 
being introduced through the burner boxes as 


Fig. 2—Main control panel and desk at Bold “ A ”’ power station 


secondary air. Waste heat after the combustion 
gases have left the boiler is extracted by a 
welded double-flow economiser of 21,300 square 
feet heating area and an air-preheater which 
has a tubular heating surface of 79,600 square 
feet. After electrostatic dust precipitation, the 
gases are delivered to the chimney by the induced 
draught fans, of which each boiler has two. 

Each forced draught fan has a capacity of 
57,000 cubic feet per minute at 110 deg. Fah. 
and 13-Sin water gauge. The fans have single 
inlets and operate at 735 r.p.m. 

The induced draught fans have double inlets 
and can be driven at two speeds. At 10in water 
gauge and 280 deg. Fah., each has a capacity of 
79,000 cubic feet per minute. 

Two double-stage horizontal electrostatic pre- 
cipitators are fitted in parallel for each boiler. 
Their guaranteed efficiency is stated to be 96-6 
per cent at maximum combustion rate, and 
97 per cent at 80 per cent maximum rate. A 
total hopper capacity of 67 tons per boiler has 
been provided. 

The superheater is of a self-draining design, 
arranged to form high- and low-temperature 
sections in the gas path and a single steam flow 
across the width of the unit. 

For water conditioning, chemicals are pumped 
directly into the boiler feed water drum. Pro- 
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vision is also made for injection into the econo- 
miser inlet, and a continuous circulation between 
this point and the boiler drum ensures complete 
mixing. 

Fully automatic, retractable sequence-operated 
sootblowers are fitted and arranged for opera- 
tion of one per eight-hour shift. 

The boilers are lit by means of oil burners 
running on preheated fuel and fitted with electric 
igniters. 

Control of the boilers is fully automatic, 
either collective or individual, and is carried out 
by adjusting the forced draught and primary 
air and the coal feed to the pulverising equip- 
ment in relgtion to steam output. Special 
devices boost the mill supply just before the 
draught is being increased, thereby preventing 
an excessive air/fuel ratio, through the mills 
being blown empty. . 

Ash Handling—The ash handling plant is 
capable of removing ash and dust accumulated 
during the steaming of four boilers at maximum 
rate for sixteen hours, the entire operation being 
completed in seven hours, achieving a rate of 
80 tons per hour. Ash from each furnace hopper 
is removed by a system of water jets to a sump 
from which it is pumped to an 80-ton concrete 
bunker. After drainage the ash is discharged 
with the help of vibratory feeders into lorries, 
the water being recirculated. Dust from the 
electrostatic precipitators and the chimney base 
is aspirated through extraction valves by means 
of high-water-pressure ejectors. The resulting 
mixture of dust and air is passed through cyclones 
which discharge the dust through vacuum 
unloading gear into a 160-ton bunker. From 
there the dust is discharged to mixer conveyors 
and taken by road to the disposal area. 

Turbo-Alternators and Auxiliary Plant.—Pre- 
sent capacity consists of two 3000 r.p.m., 30MW 
turbo-alternator sets. Each turbine has one 
high- and one low-pressure cylinder, the latter 
exhausting to twin three-pass condensers, total- 
ling 27,000 square feet and constructed of lin 
O.D., 18 S.W.G. aluminium-brass tubes. While 
normal operation is on the unit system, cross- 
connections enable emergency steam to be 
supplied to each set from the boiler of the other. 

A vacuum device is provided to reduce the 
turbine load should the condenser vacuum fall, 
and to trip the set if the vacuum should fall 
below 15in Hg. The governor and emergency 
governor are of mechanical design, operating an 
oil relay. The emergency governor is set to 
cut off the steam if the speed exceeds 3375 r.p.m. 
Motor-driven barring gear is installed to rotate 
the set in order to promote even cooling after 
shut-down, and to enable the set to be restarted 
quickly if necessary. The main oil pump is 
driven directly from the turbine shaft, with a 
separate a.c. driven pump for supplying the 
bearings and governor during starting-up and 
shutting-down and during barring of the shafts ; 
in the event of failure of the main oil pressure, 
this pump comes into operation automatically. 
A d.c. standby pump operating on emergency 
batteries is also provided. To reduce the starting 
torque on the barring gear, the main shaft is 
lifted in its bearings by a motor-driven high- 
pressure plunger pump. There are three 50 
-per-cent-capacity oil coolers per set, and one 
motor-driven centrifugal oil purifier. 

Purity of the condensate is determined by 
conductivity measurements and a_ dissolved 
oxygen recording instrument is also provided. 
Chemicals for condensate treatment are auto- 
matically proportioned and injected. 

Two sets of triple-effect evaporators are in- 
stalled at basement level, with provision for a 
third set later. Each plant has an hourly capacity 
of 20,000 lb of distilled boiler make-up water. 
Direct-contact, 25,000lb per hour shunt de- 
aerators draw condensate from the hotwell 
balance main and deliver to storage tanks 
through the hotwell downcomer pipes, thereby 
ensuring a constantly available reserve of make-up 
water. 

There are four bled-steam feed heaters, two 
high- and two low-pressure, the final feed tem- 
perature at full load being 345 deg. Fah. Feed 
water is delivered to the two boilers by three 
seven-stage, 330,000lb per hour motor-driven 
pumps, rated at 100 per cent capacity each. 
Two 50 per cent capacity, steam-driven standby 
pumps have also been provided. A similar set 
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Fig. 3—No. 1 turbo-alternator with No. 2 turbo-alternator, in background 


of pumps will be added when the remaining two 
boilers are installed. 

Current is generated at 11-8kV and raised by 
the generator transformer to 33kV. This trans- 
former is coupled to the station busbars through 

high-tension switchgear. The alternators (Fig. 3) 
are air cooled, the cooling air passing through a 
finned tube cooler operated by condenser 
circulating water. 

Water Treatment.—Two base exchangers of 
2000 gallons per hour capacity each are installed, 
a hydrogen-ion and a sodium-ion unit being 
operated in parallel. Automatic flow controls 
maintain a constant ratio between these two 
units so as to obtain the desired alkalinity. The 
effluents from both units are mixed in a de- 
gasifier, which removes the resultant carbon 
dioxide. 

Circulating Water System—Two natural 
draught cooling towers have been provided, 
sufficient for all four 30MW sets, which will ulti- 
mately be installed. Each tower has a reinforced 
concrete shell, 194ft in diameter at base and 
250ft high, and is divided into two self-contained 
halves. Capacity at an air temperature of 
57 deg. Fah, and 70 per cent humidity is 2-8 
million gallons per hour from 82-5 deg. to 
70 deg. Fah. The towers are fitted with C.E.A. 
louvre eliminators and incorporate de-icing 
arrangements. They are designed in such a way 
as to minimise the precipitation of moisture over 
the neighbourhood. The second tower is fitted 
with a number of experimental timber sections, 
and one section of glass slats. Each tower is 
built on raking legs over a pond having a 
maximum capacity of approximately 1-75 
million gallons with a depth of 7ft of water. 
— loads are under 2 tons per square 
oot 

Provision has been made for two vertical 
spindle, double suction, centrifugal pumps to 
circulate the cooling water from each tower. 
These pumps have a capacity of 23,000 gallons 
per minute each at a speed of 585 r.p.m. and with 
a delivery head of 61ft. Concrete culverts of 
5ft square section take the water to the con- 
densers, after chlorinating treatment by means of 
automatic plant installed in the turbine house 
electrical annexe. At present the make-up water 
comes to the station from the St. Helens Canal. 
It flows from the canal through 540 yards of 12in 
concrete pipework to twin balancing tank at the 
pump house at Parr, where it is controlled by a 
float valve. These tanks have a total capacity of 
356,000 gallons and are of reinforced concrete, 
roofed over to prevent the growth of alge. They 
are connected to the pump house sumps, from 
where six 500 gallons per minute vertical spindle 
pumps deliver the water to the station through 
3700 yards of twin 15in flexibly jointed asbestos 
cement pipe. Duplicate power cables and multi- 
core control cables have been laid from the 
station, and two 3-3/0-415kV transformers are 
installed at the pump house to supply the pump 
motors. 

Electrical Plant.—The main switchgear operates 
at 33kV, three phase, and has a rupturing capacity 
of 750MVA. A section switch and isolator rated 


at 1200A are fitted to the sectionalised busbar, 
with mechanical interlocks to ensure that the 
section switch is open before the isolator can be 
racked out. A reserve busbar, sectionalised by 
removable hand links, can be coupled to the 
main busbar by means of a 1200A bus coupler 
switch. Connection of feeders to main or 
reserve busbars is made by plug-in bushings. All 
sections of the mains switch house are equipped 
with automatic CO, fire extinguishing apparatus. 
The 33kV neutral point of the generator trans- 
formers is earthed through a 25-ohm liquid 
resistor by an outdoor oil circuit breaker. 
Auxiliary switches on the 3-3kV switchboards are 
airbreak units of ISOMVA rupturing capacity. 
The generator transformers are of 36MVA 
capacity and connected 11-8kV delta/35-4kV 
star, with tappings on the secondary side to an 
on-load, tap-changer covering +74 per cent 
voltage range in ten steps. In order to enable 
corrosion inhibitors to be tested, one generator 
transformer is operated with oil to B.S. 148 : 1951 
with the addition of phenyl-f§-naphthylamine, 
while the other is used with oil without additive. 
A similar test will be carried out with the remain- 
ing two generator transformers when installed. 
Main consultants for Bold “A” power 
station were Messrs. Kennedy and Donkin in 
its initial stages. At the end of 1949, however, 
it was decided to make the station, wherever 
possible, a duplicate of Rosecote power station, 


nee 
lg 


Oct. 7, 1955 


and accordingly, Messrs. Merz and McLellan 
were appointed main consultants in association 
with Messrs. James Williamson and Partners as 
civil consultants. Messrs. L. J. Couves and 
Partners acted as consulting architects for both 
projects. 

PRINCIPAL CONTRACTORS 


John Laing and Son, Ltd. (main foundations 
and superstructure to main and ancillary build- 
ings), Dorman, Long and Co., Ltd. (Structural 
Steelwork), J. Gerrard and Sons, P. C. Richard- 
son and Sons (brick chimneys, No. 1 and No. 2 
respectively), Film Cooling Towers (1925), Lid. 
(cooling towers), Yarrow and Co., Ltd. (boile*s), 
Metropolitan-Vickers Electrical Company, Ltd., 
(turbo-alternators and generator transforme:s), 
Aiton and Co., Ltd. (h.p. pipework and ceniral 
evaporating plant), Brush Electrical Engineering 
Company, Ltd. (h.v. and Lv. auxiliary trans- 
formers), English Electric Company, Lid. 
(auxiliary switchgear), A. Reyrolle and Co., Lid 
(main switchgear). 





Heavy-Duty Plate Shearing Machine 


THE photograph we reproduce below shows a 
heavy-duty plate shearing machine recently 
built by the Bronx Engineering Company, Ltd., 
Lye, Stourbridge, and having a capacity for mild 
steel plate 100in long by lin thick. 

The machine has heavy cast steel side frames 
coupled together by a cast steel bottom 
beam and a cast iron top stretcher bridge. Large 
phosphor-bronze-lined bearings on the frames 
support the high-tensile forged crankshaft and 
additional support bearings for the shaft are 
mounted on the bridge of the machine. The 
blades are each provided with two cutting edges 
allowing full face contact of the flat face to the 
top and bottom shear beam and bolster respec- 
tively. The machine passes plates up to 100in 
wide between its frames, but the 120in long 
blades permit shearing of plates of any length, 
up to a width or depth governed by the 24in 
gap to the frames. 

The flywheel of the machine is driven through 
vee belts at 500 r.p.m. by a 30 h.p. motor, and 
from the flywheel drive is transmitted through a 
worm unit to the crankshaft. The rated speed 
of the machine is sixteen strokes a minute and 
it is controlled by a multi-plate clutch. A cam- 
operated brake is fitted on the tail end of the 
crankshaft. Hydraulically operated hold-down 
pads are fitted along the length of the machine. 
Finger guards must be held down by the operator 
before the drive can commence the shearing cycle. 
Twin back gauges have means of fine adjustment. 
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Applied Thermodynamics. By EARLE B. 
Norris, ERIC THERKELSEN and CLARENCE 
E. TRENT. London: McGraw-Hill Pub- 
lishing Company, Ltd., McGraw-Hill 


House, 95, Farringdon Street, E.C.4. 
Price 53s. 6d. 
UNDER its former title of Heat Power 


this American text-book has been available 
to students for a quarter of a century, and 
now appears in a third edition, revised and 
brought up to date. Despite its change of 
name, it retains the characteristics that have 
always distinguished it from purely thermo- 
dynamical treatises; indeed, thermodyna- 
mics as commonly understood, has quite a 
secondary place in the volume, the object 
of the authors being to give students a good 
notion of the mechanical nature and method 
of operation of all kinds of heat engines, sup- 
piementing this by brief explanations of the 
main thermodynamic principles involved. 
On the assumption that the average American 
youth is likely to be less interested in steam 
than in internal combustion engines, the 
latter are the first to be dealt with, more 
than a third of the whole book being devoted 
to them. After three chapters reviewing 
typical modern engines and their more 
important details, the kinds of fuel they use 
and the chemistry of combustion are con- 
sidered. Then, descriptions of dynamo- 
meters and indicators for measuring power 
lead on to an exposition of elementary 
thermodynamical theory. The utilitarian 
nature of the teaching will be gathered from 
the advice to students to regard entropy 
merely as a useful mathematical expression, 
without trying to attribute any more reality 
to it than to the moment of inertia of a 
beam section. The thermal cycles of internal 
combustion engines and gas turbines are 
explained, and a summary of actual per- 
formances concludes this part of the book. 

The properties of steam, apart from tables 
in the appendix, are given a chapter of six- 
teen pages, five of which are taken up by 
methods of determining its dryness fraction by 
throttling and separation methods. No men- 
tion is made of the modern and, generally, 
preferable alternative of letting some of the 
steam blow into cold water in an ordinary 
thermos flask, and computing its quality 
from the increase of weight and temperature 
of the water. Reciprocating steam engines 
are covered in about thirty-six pages, and an 
equal space has to suffice for steam turbines 
of all kinds, no more theory being included 
than that of steam flow through nozzles and 
blading. Condensers and their auxiliaries 
are dismissed in a further sixteen pages, 
theory being limited practically to the calcu- 
lation of the logarithmic mean temperature 
difference. 

Three long chapters on steam raising plant 
give brief illustrated descriptions of practically 
every modern kind of boiler and furnace for 
either solid ‘or pulverised coal, with a com- 
prehensive review of fittings and accessories. 
Theré is a reference to the U.S. submarine 
“* Nautilus ” using nuclear energy for steam 
raising, and a brief account, with a circuit 
diagram, of a proposed sodium-cooled 
reactor for a net output of 145,300kW at a 
heat rate of 11,760 B.Th.U. per kilowatt hour. 
Much detailed information is given about the 
various qualities of American coal. Except 
for a few simple calculations concerning 
chimney draught and boiler losses there is 
nothing even resembling thermodynamics 
in these chapters. A few boiler performances 


THE ENGINEER 


LITERATURE 


are represented by efficiency curves plotted 
over very limited ranges of output, whereas, 
had the total consumptions of coal or heat 
over the whole range been plotted instead, 
the straight line law then obtained would 
have been far more informative to the student 
as showing not only the constant stand-by 
losses but also the output at which over- 
loading becomes evident. There is a return to 
thermodynamics in the last two chapters, 
each of less than twenty pages, on compressors 
and refrigeration. An appendix includes a 
summary of the Keenan and Keyes steam 
tables, a folding Mollier diagram and tables 
of the thermodynamic properties of ammonia 
and freon. 

The book is thoroughly readable and infor- 
mative. In contains 277 illustrations, in- 
cluding graphs and diagrams, of which more 
than half seem to have been prepared by 
manufacturing firms for their own literature, 
the majority of these being sectional or 
perspective views reproduced by the half-tone 
process, which seem hardly appropriate 
to a serious technical work, A character- 
istic of the book is the large number of 
arithmetical questions, 385 in all, given at 
the end of chapters. As it may be assumed 
that they all arise from information to be 
found in the text, any student capable of 
finding the answers, which are not given, 
would have an excellent knowledge of all 
ordinary calculations met with in connection 
with heat engines. 


An Introduction to Electronic Analogue Com- 
puters. By C. A. A. Wass. London : 
Pergamon Press, Ltd., 242, Marylebone 
Road, N.W.1. Price 40s. 

As the technician of to-day leans on a slide- 

rule—or “ guessing-stick,” as it has been 

termed—so will the technician of tomorrow 
employ the electronic computer. The ana- 
logue machine is the dynamic form of 

** electronic brain” and is radically different 

in design from the digital machine—or 

calculating engine—used for accounting and 
suchlike applications, which deals in precise 
and discrete steps. The analogue machine 
gives a dynamic solution to.a problem which 
may have many interdependent variables, 
effecting solution in a small fraction of the 
time required to set up (programme) the 
machine. Mr. Wass, as a prominent and 
practical exponent of the analogue computing 
arts at the Ministry of Supply Royal Aircraft 
Establishment, Farnborough, Hants, presents 
in this book a useful and carefully con- 
structed insight into both the design and 
application of analogue machines. As is 
naturally to be expected, Mr. Wass is more 
informed on Ministry affairs than on com- 
mercial achievements and tends therefore to 
stress detail on the former to quite a degree. 

The point under discussion is never hazed by 

pseudo-technical jargon, however—a refresh- 

ing thought in this age of increasing incom- 
patibility between various modes of technical 
expression. 

Certainly the more noteworthy features 
of the book are the very clear expositions on 
computing with practical amplifiers and on 
the design of elements for synthesis of non- 
linear input signals. A basic knowledge of 
mathematics to follow differentiation and 
integration is attributed to the reader, as is 
also a good background of electronics. 
This is not a book from which, for example, 
a structural engineer would be enabled to 
envisage a means of quickly constructing 
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a circuit analogous to the Forth Bridge, but 
it contains many facts gathered from an 
obvious wealth of experience, and many 
basic statements gathered together in a 
manner which makes for ease of reading. 
Many examples, with block diagrams, are 
given of practical applications of computers, 
working upward from the simple mass/ 
spring/damping type to the portrayal of a 
sea battle, with provision for setting-in all 
the variables—gun muzzle velocities, wind- 
speeds and ship movements. The circuit 
diagrams are excellent throughout, clearly 
having been scaled down from draughtsmen’s 
drawings. 

It is felt that more should have been said 
on output presentation devices, and on 
the marrying of the analogue and digital 
methods in continuous recording and analysis 
systems. Although not evident in any part 
of this book, considerable feeling exists 
between workers in the digital and analogue 
fields, the one shouting “‘inaccurate,’”’ the 
other “‘ adding machine!” We are led to 
suppose that “‘ never the twain shall meet ” 
applies at R.A.E. to the teams working on 
analogue and digital projects—or is this 
only because the hybrid devices, if there be 
any such, are active only under a heavy cloak 
of security ? Perhaps the pen of Mr. Wass 
will satisfy shortly a growing curiosity on 
British developments along these lines. 
Under the heading of auxiliary apparatus 
one would also appreciate an extension of 
the three and one-quarter pages on power 
supply. Stable sources of energy are such 
an important pre-requisite to analogue 
computation that more should be known of 
the special circuits evolved for this applic- 
ation. 

Summing up, there was a definite need for 
a book of this kind ; but equally so there 
is a far greater need for one of tripled 
size. Mr. Wass lets drop gems of data only 
gleaned by years of undoubted hard work 
and rushes to press, eager to inform—but 
also eager to start the next chapter. 


Electrical Measurements and Measuring Instru- 
ments. By E. W. Golding, M.Sc. Tech., M.I.E.E., 
Mem.A.I.E.E. London: Sir Isaac Pitman and 
Sons, Ltd., Pitman House, Parker Street, Kings- 
way, W.C.2. Price 40s.—The fourth edition of 
this book contains the first major revision since 
1940. Accordingly, the symbols and nomen- 
clature have been changed to conform with 
present-day practice and ideas. More attention 
has been given to the subject of M.K.S. units 
and both rationalised and unrationalised forms 
have been given for the basic equations developed 
in Chapter I. In the present period of transition 
from C.G.S. to M.K.S. units, however, the author 
has used both systems, except where confusion 
might result and in such cases he has adhered 
to the older system. These considerations, 
together with the abandonment of the Inter- 
national units in 1948 have led to various changes 
in the chapter on units, dimensions and standards. 
Account has also been taken of recent advances 
in the knowledge of dielectrics (Chapter IV) and 
in the application of resistance measurements 
to the determination of non-electrical quantities 
(Chapter VII). Progress in high-voltage measure- 
ments, cathode-ray oscillography and illumina- 
tion has also required revision of the text. A 
brief introduction to the use of Laplace trans- 
formations has been included in the chapter on 
transient phenomena. Newly developed appa- 
ratus has been included in the chapter on 
measuring instruments, but not at the expense of 
other instruments which, though obsolete, 
enshrine operating principles that should interest 
students. 
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German Machine Tool Exhibition 


No. IlI—{ Concluded from page 473, September 30th ) 


A UNIVERSAL tool room milling machine, the 
“ Model UF2,” was shown by Schwabische 
Hiittenwerke G.m.b.H., Wasseralfingen/Wiirt- 
temberg. As may be seen from our illustration, 
Fig. 8, its table can be tilted about two perpen- 
dicular horizontal axes and the vertical axis, 
the range of adjustment being 30 deg. in each 


Fig. 8—Universal tool room milling machine 


direction from the normal position. For hori- 
zontal milling the cutters are mounted on an 
arbor inserted in the main headstock spindle and 
supported at its outer end by an overhead arm. 
The main spindle is also used for horizontal 
boring, while a special universal milling and 
shaping head can be used for vertical or inclined 
cuts up to 90 deg., as shown in Fig. 8. 

A machine designed for rounding or chamfer- 
ing single or clustered spur gears and internal 
gears and pinion. shafts, the “‘ Uhlich Model 
AMS8P,” is made by Stenzel and Co., Wiesbaden. 


Fig. 9—Tooth-rounding machine 


This gear tooth rounding machine, shown in 
Fig. 9, is rigidly built and all its controls are 
arranged on one side. The hollow base forms a 
coolant reservoir and a separate oil pump lubri- 
cates the indexing gears inside the column. The 
rounding is performed by the cutter spindle being 
swung through an arc of approximately 180 deg., 
while the gear is firmly 
held. At the end of 
each cut the gear is with- 
drawn by an outward 
movement of the table 
and the cutter swings 
back to its starting posi- 
tion. During this move- 
ment the gear is indexed 
to the next position. 
All these movements 
are derived from a 
mechanism __ controlled 
through two cams. A 
single lever control is 
fitted to stop the machine 
instantly if required. The 
cutters used on the 
machine can be of coni- 
cal shape or formed to 
suit the application. For 
rounding the teeth of 
helical gears a locking 
plate with angular teeth 
is used and the jindex 
finger works in the nor- 
mal manner. Gears 
with helix angle up to 
33 deg. can be handled 
on this machine, which 
can be arranged for fully 

automatic operation. 
Another machine for 
machining the ends of 
gear teeth, the “* Model 
ZK2,” was shown by Carl Hurth Maschinen- 
und Zahnradfabrik, Munich, and it was de- 
veloped originally by the firm for its own use. 
As may be seen from Fig. 11, the machine 
possesses an adjustable support on which 
the workpiece is carried in an indexing 
fixture. A cam moves the milling cutter forward 
with a rapid approach and slow cutting stroke, 
followed by a quick return. In order to generate 
the various end forms and chamfers required, 
either bell-shaped milling cutters, like the one 
illustrated, or straight-form cutters, may be 
used. Our illustration, 
Fig. 10, shows a double 
spinde attachment 
which can be supplied 

for this machine. 

Amongst the equip- 
ment in the welding and 
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Fig. 11—Gear tooth chamfering machine, here fitted 
with bill-shaped cutter 


cutting plant section, there was an automatic 
oxy-acetylene pipe cutting machine which was 
claimed to be the only plant of its kind to operate 
without the use of patterns or templates. This 
machine, shown in Fig. 12, is manufactured by 
J. und W. Miiller G.m.b.H., Opladen. It com- 
bines simultaneous circular, linear and angular 
movements of the workpiece and cutter. The 
cutter maintains its predetermined cutting angle 
throughout the length of cut so that subsequent 
welding may be carried out without the need 
for any adjustment or trimming by hand. The 
machine consists of a control cabinet, in which 
the driving and control gear is totally enclosed, 
with a pipe rotating chuck and pipe support 
carriage at the side. The cutter head is mounted 
on a carriage slidable along bar supports at the 
operative end of the machine. The carriage is 
traversed along its supports by a rack actuated 
through a lever system by a pinion in the cabinet. 
This pinion controls the longitudinal movement 
of the head in accordance with the profile to be 
cut on the pipe end by continuing the longi- 
tudinal movement of the cutter head with the 
speed of pipe rotation. 

To operate the machine, the pipe is mounted 
concentrically in the chuck and the lever system 
controlling the cutter movement is adjusted for 
the given conditions of diameter and angle of 
tube axis, which determine the length and width 
of cut and the chamfer required. After the torch 
has been lit and the machine started, the cut is 
automatically completed. If necessary the 
machine can be driven by hand. The cutting 
speed is infinitely variable. 

The attachment shown at the right-hand end 
of the machine can be fitted as required and used 


Fig. 10—Double-spindle device for gear tooth chamfering machine 
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to cut oval or round holes in pipes. It works on 

a similar principle, again without templates or 

patterns, but here the workpiece remains 

stationary and the cutter alone is moved longi- 

tudinally and transversely over the pipe by a 

lever system set in accordance with the size and 

shape of the hole. The firm is represented in 
this country by Welding Plant, Ltd., Chichester. 

In the manufacture of coated welding elec- 
trodes, the coiled wire must be straightened and 
accurately cut tolength. A high-speed machine put 
on the market by Malmedie and Co., G.m.b.H., 
Diisseldorf, and shown in Fig. 13, accomplishes 
these operations in the following manner. The 
wire is fed from the left through guides, by 
means of two pairs of feed rollers. From the 
feed rollers it passes through a series of spinning 
dies which are mounted in a rotating spindle, 
but are slightly eccentric with respect to the 
spindle axis. This portion of the mechanism is 
housed in the centre of the machine inside the 
perforated guard. Constant bending and re- 
bending straightens the wire, which then passes 
through a set of take-off rollers and subsequently 
a pair of flywheel-actuated flying shears, the 
cut lengths falling into a channel. 

The drive for the feed and take-off rollers, as 
well as for the cutting-off unit, is from a 7°5 h.p., 
1500 r.p.m. motor, whilst the spinner is driven 
by a separate 5:5 h.p., 3000 r.p.m. motor. 
These two motors are separately started by push- 
button control, but are stopped together. The 
feed rollers and take-off rollers.are synchronised 
and are spring-loaded, with handwheel adjust- 
ment. 

The straightening bushes inside the spinner 
are readily accessible for setting. The spinner 
itself runs on ball bearings and is fitted with 
both hand and foot brake to shorten the run- 
down time. The cutters are mounted in a rotating 
diehead and actuated by stationary cams, to 
form a pair of flying shears. For wire from 10in 
to 20in long, two pairs of cutters set at 180 deg. 
are used, while for lengths of 20in to 40in only 
one pair is employed. Setting to any length is 
done by adjusting the infinitely variable “ P.I.V.” 
gear by which the curters are driven. 

The equipment is designed for wires of 2-6mm 
diameter and straightening speeds of 90m and 
110m per minute (300ft and 360ft per minute). 
The maker’s agent in this country is Stuart Davis, 
Ltd., Coventry. 

A milling attachment for the machining of 
long threads in one pass was shown by Dr.- 
Tech. Ernst Linsinger Maschinenfabrik, Steyrer- 
mihl, Austria. This attachment is suitable for 
the production of threads of up to 80nim diameter 
(depending upon the lead), and is stated to be 
capable of removing up to 50 cubic centimetres 
of St. 42.11 steel per minute. In Fig. 15, page 514, 
the cutter head is shown fitted with six semi- 
circular carbide-tipped cutters which are profiled 
to the required form of thread and can readily be 
reground on the face. Internal threads can be 
cut by replacing the cutter head by an arbor 
equipped with similar cutters facing outwards. 
External heads for deep profiles are also avail- 
able. The attachment is marketed in this country 
by Herbert Bennett, Ltd., London, E.C.2. 

In Fig. 16, page 514, we show the Nassovia- 
Linstedt “‘ Model LR”’ multi-spindle vertical 

automatic lathe, made by Nassovia Maschinen- 
fabrik G.m.b.H., Langen/FFM. This is a 
machine intended mainly for the production of 
small complicated parts such as fittings which 
require machining on several faces. It consists 
of a base on which are mounted in a circle nine 
vertical operating spindles at equal pitch dis- 
tances of 36 deg. The tenth position is reserved 
for loading and unloading. Workpieces are 
held in suitable hydraulically-operated fixtures 
which are mounted on a central indexing turret. 
Each fixture can itself be indexed about a 
horizontal axis so that different faces of the 
workpiece can be presented in turn to the work 
spindles. Each interchangeable workhead has 
its own driving motor, which also drives an 
oil pump to operate the hydraulic feed, including 
a quick approach and return motion. Both fast 
and slow feeds and returns can be continuously 
varied by means of a control valve at each 
Station. Tool-holders and attachments are 
available for such operations as multi-spindle 
drilling, turning, reaming, boring, milling and 
tapping. Interlocks ensure that the machine 
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Fig. 13—Wire-straightening and cutting-off machine 





Fig. 14—Spinning and flow-forming lathe with hydraulic operation and copying device 
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Fig. 15—Planetary cutting attachment for fiy-cutting 
of long threads on lathes 


stops when all the work spindles have been 
retracted to their starting positions, and that it 
cannot be restarted by the operator until a new 
workpiece has been inserted and _ securely 
clamped. 

Another machine on the Nassovia stand was 
the large capacity die sinker illustrated in Fig. 17, 
which has two milling spindles and one tracer 
head. The tracer head is mounted between the 
spindle heads and registers over a table carried 
on a bracket from the front of the base and in 
front of the main work table. When die sinking 
the movements of the machine are electro- 
hydraulically controlled from the tracer stylus. 

With its table arrangement when the machine 
is used with a single milling head the effective 
range of copy milling covers a length of 79in 
by 153in. When its two milling heads are used 
it covers simultaneously two working ranges, 
each of 314in by 153in. By displacing the work 
tables and the model table a single die 79in 
long can be machined in sections using both the 
right and the left-hand heads. The milling heads 
are driven through gearing by 4 h.p. motors and 
the speed range available is from 50 to 4500 
I.p.m. Their movements in all directions are 
hydraulically operated and the feed rates are 
infinitely variable between 1jin and 234in per 
minute. 

The machine exhibited was fitted with an 
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automatic limiting device 
designed to eliminate 
the need for limit stops 
and reduce to a minimum 
the unproductive time 
required in traversing 
over faces not being 
machined. This limiting 
device consists of a 
template of brass, cop- 
per or iron sheet cut 
to the contour of the 
face being machined, 
but with openings slight- 
ly larger than those of 
the depressions to be 
cut. The template is 
insulated from the 
model by a sheet of 
non-conducting mate- 
rial. It serves as a 
switching means and is 
wired to servo-relays 
connected to standard 
limit switches for the 
table and other controls. 
When the tracer stylus 
contacts the template — 
the appropriate limit 
switch is actuated to 
change the direction of 
the feed movement so 
that the milling cutters operate only over areas 
of the work piece to be machined. 

Drummond-Asquith (Sales), Ltd., New Street, 
Birmingham, 2, distribute Nassovia equipment 
in this country. 

A precision turret lathe made in two models 
to take up to 1gin and 2#in bar stock exhibited 
by Jonshoff and Co., Liitgendortmund, had some 
interesting points in design. This machine is 
fitted with two six-station turrets operating on 
two sets of slideways. The turret on the front 
slide is operated by a lever on the left-hand side 
of the machine and is used for drills, reamers, 
tapping or die heads. It has a traverse of 6in 
along the bed and is fitted with the usual stops 
and rotating mechanisms. 

The turret on the rear slide is operated by a 
cranked pistol grip lever extending from the rear 
of the machine over the top of the front turret 
to a convenient position for manipulation by 
the right hand of the operator. The turret is 
carried on a cross slide and through the lever 
can be moved longitudinally along the ways 
and transversely on its cross slide. It is designed 


Fig. 16—Vertical rotary multi-spindle automatic lathe. On the right is the control unit 
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Fig. 17—Heavy-duty twinhead die milling machine with electro-hydraulic 
copying device, suitable for inverse milling of two die-halves 


to take six cutting or form tools %in square and 
is fitted with limit stops for all tool settings. A 
mechanical copying attachment which can be 
used in conjunction with the rear slide uses a 
template fixed in a holder below the rear of the 
cross slide. Both turrets have automatic longi- 
tudinal feed along their ways and these feeds 
are engaged by depression of push buttons on 
the control levers. A chasing attachment is 
fitted and bar stock feeding and clamping is 
automatically carried out by movement of a 
small lever at the front of the machine. 

A spinning and flow-forming lathe made by 
Bohner and KoOhle, Esslingen/ Neckar, is 
shown in Fig. 14, on page 513. Its spindle 
speeds are infinitely variable between 10 and 
600 r.p.m., the drive being through a “ P.I.V.” 
gear and magnetic clutch which also acts 
as a brake. Both the tailstock and the tool 
support are hydraulically-operated, and the 
machine is equipped with a copying device using 
a sheet metal template. The tailstock and tool 
support are mounted on a saddle which is 
actuated by a separate motor, thus facilitating 
setting up. The tool slides can be rotated about 
a vertical axis and hydraulically clamped in any 
position. The tailstock spindle can also be 
clamped hydraulically, the clamping being 
released automatically when the spindle is to be 
retracted. A special servo-motor is used to 
control the speed of the headstock spindle. 
Rapid traverse is provided for the saddle and 
tool support. All principal controls are grouped 
on the headstock and are duplicated at the tool 
support. The Elgar Machine Tool Company, 
Ltd., Feltham, Middlesex, has the agency for 
this machine in the United Kingdom. 





Heavy-Duty ELecTRiIC OVERHEAD TRAVELLING 
Cranes.—The British Iron and Steel Research 
Association has just issued a revised edition of its 
“‘ Specification for Heavy-Duty Electric Overhead 
Travelling Cranes for Use in Iron and Steel Works.” 
In this edition of the specification an attempt has been 
made to reduce the cost and weight of the crane. 
The wording has been simplified so that buyers of 
cranes will be supplied with special equipment or 
details only if they are specifically requested. 
Since the issue of the first edition much experimental 
work has been carried out on cranes to provide more 
detailed knowledge of the ranges of stresses and 
deflection to which cranes are subjected during opera- 
tion, together with a fuller understanding of the stress 
distribution in such structures as a whole. These 
findings have been used in framing the stress and 
design clauses of the revised specification. In the 
first edition the permissible stresses were based on a 
constant fatigue factor. In the latest edition, variable 
fatigue factors are specified to allow for differing 
stress conditions in the structure, and for the notch 
sensitivity of the connections, whether butt welded, 
riveted or fillet welded. The specification is available 
free to B.I.S.R.A. members, and price 10s. to non- 
members. Application for copies should be made to 
the Information Officer of the Association, 11, Park 
Lane, London, W.1. 
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Pressure-Time Fuel Injection System 


The low-pressure metering pump of the Cummins diesel fuel system was found to 

have certain limitations. A fundamental change in the principle of the fuel 

system, bringing with it great mechanical simplification, has been effected while 
maintaining interchangeability on the engine. 


HE fuel system of the Cummins diesel has, 
icince 1932, been distinguished by injectors 
driven mechanically from the camshaft. It is 
noteworthy that the engine has been developed 
to require no clearance, corresponding to tappet 
clearance, in the injector drive: the adjusting 
screw on the injector rocker arm is tightened to 
a laid-down torque. In the original high-speed 
engines, the metering function was performed by a 
variable stroke, single-piston pump, delivering 
through a distributor to each injector in firing 
order. Although the injection was timed by the 
engine camshaft, the fuel pump had to be given 
the correct phase relation to its drive. Even 
though this pump was only a low pressure pump, 
it was found that in competition with highly 
developed petrol engines the compression- 
ignition engines were handicapped by the fuel 
system in two ways : power-weight ratios were 
limited by the inability of the fuel system to 
control delivery and injection at higher rotational 
speeds, and the complexity of the system increased 
the initial cost and the difficulty of servicing. 
Research work was, therefore, concentrated on 
the evolution of a system designed to operate 
at greatly increased engine rotational speeds, 
while maintaining simple and inexpensive com- 
ponents. Besides this, it was required of the 
designing staff that they should provide low fuel 
consumption, give the engine an acceptable torque 
curve, providé quick response to the throttle, 
give good acceleration, deceleration, idling and 
quick governor response. Also the units had to 
be adaptable to the many engines of the manu- 
facturer, irrespective of their usage and modifica- 
tions ; they had to be easily maintained, with a 
minimum of tools, and had to be of long opera- 
tional life with trouble-free service. 

During research in the design of the fuel 
system, it became apparent that if the injector 
could be made to combine the dual purposes of 
metering and injection, the fuel pump could be 
simplified in construction and operation. It 
was essential, however, that there should not be 
any complications added to the injector itself. 
The metering injector would use the most simple 
form of metering device ; namely, a fixed orifice, 
with a variable fuel pressure. 

The experimental research into this method 
confirmed that the amount of fuel passing through 
the fixed orifice was dependent upon pressure and 
time and a workable system, now named P.T. 
_— time), was established upon this basic 
idea. 

THE INJECTOR 

The P.T. injector is an advanced, yet simplified, 

assembly, whereby there are eliminated check 
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Fig. 1—Cycle of operation of the metering injector 


valves in the outlet line, and in the injector 
proper. The number of parts in the injector has 
dropped from eleven to seven, although the ser- 
poe of the injector now includes the metering of 
uel, 
The sequence of operation can be followed in 
Fig. 1. Shortly after each injection is completed 
the plunger begins to retract, which results in 
the uncovering of the internal port of the fuel 
intake passage, much in the same manner as in a 
slide valve. As the port is uncovered, the fuel 
moves around the tip of the injector, through 
the inserted drain orifice, and up the drain 
passage leading back to the tank. The metering 
orifice, which is of different gauges in different 
models, leads from the 
fuel passage around the 
tip to the discharge cup 
of the injector: these 
orifices are to toler- 
ances of plus or minus 
0:0002in. This small 
orifice is opened as the 
plunger rises and the 
fuel flows into the cup 
while the opening re- 
mains exposed. The 
lowering of the plunger 
closes off the orifice 
and then forces the fuel 
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into the combustion = woin sho 
chamber. — 
During the cycle, while 


the fuel intake port is 
open, but the metering 
orifice is closed, there is 
a circulation of fuel 
through the injector and 
back to the tank. In 
normal operation there is 
a return to the tank of 
four-fifths of the total fuel 
delivered to the injector, which gives the operator 
of the equipment the advantage of the fuel being 
partially preheated in its circulation through the 
injector unit. This results in a reduced risk of 
coagulating or freezing of fuel in the tank during 
cold weather conditions, in making the system 
self-priming and in the elimination of air from 
the system. 
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THE FUEL PUMP 


The P.T. fuel pump, Fig. 2, is made up of 
only five functional parts and assemblies, as 
follows :— 

(1) A gear pump. 

(2) A pressure regulator. 
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(3) A throttle control shaft. 
(4) A governor which controls both idling and 
maximum speed. 

(5) A shut-down valve. 

To this unit is added a tachometer drive which 
has, however, no influence on the fuel system. 

To summarise the fuel cycle, the gear pump 
draws the fuel from the tank, passing it through a 
strainer, the pressure regulator, the throttle 
valve, the governor valve, the shut-down valve, 
and thence to the injector unit, the pump being 
lubricated by the fuel oil. 

The gear pump in the P.T. fuel pump was 
designed for a capacity greatly in excess of that 
required for the largest of the six-cylinder engines, 
and a system of by-pass by the pressure regulator 
was incorporated to return surplus fuel to the 
suction side of the pump. By merely increasing 
the size of the gear pump twelve-cylinder engines 
can utilise the same basic fuel system. Damage 
pag gear pump is prevented by a shear pin 

rive. 

The pressure regulator is of the spring-loaded 
type of special design. In practice it performs the 
following functions :— 

(1) Establishes the maximum rate of fuel 
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Fig. 2—Section through pump unit showing gear pump and governor 


delivery to the engine and, consequently, the 
horsepower. 

(2) Retains constant pressure at idling speed 
and allows the idling governor to control the 
idling speed. 

(3) Controls the shape of the torque curve. 
By changing the position and size of the by-pass 
holes the most desirable torque curve for each 
engine can be obtained. 

(4) Limits the maximum pressures existing in 
any and all parts of the system. 

(5) Assures fast starts because the regulator 
allows the pump to deliver a large amount of 
fuel during cranking. 

(6) Allows the use of the same basic pump for 
all engines from 60 h.p. to 300 h.p. by inserting 
the proper regulator and governor springs, and 
for twelve-cylinder, 400 h.p. to 600 h.p. engines 
simply by changing to a larger capacity gear 
pump. 

(7) Provides a simple means of calibration, 
since the manifold pressure can be calibrated 
accurately by changing the effective area of the 
by-pass hole through the use of shims. 

It is pointed out that the pressure-speed curve 
varies with each type of engine. To mention 
some of the Cummins engines, it is seen that the 
manifold pressure at full load governed speed 
for the ““ NH ”’ engine is 132 lb per square inch ; 
for the ““ NHRS”’ 170 Ib per square inch, and 
for the “* VT ” 158 lb per square inch. From the 
accompanying chart, the influence of the pressure 
regulator on the pressure-speed curve can be 
seen (Fig. 4). 

Line X represents the pressure-speed charac- 
teristic of the gear pump when the whole of its 
output passes through the injectors : the pressure’ 
in the regulator chest follows this line until the 
small by-pass holes, A in Fig. 3, commence to 
open at the engine’s idling speed. The by- 
passing of fuel through these holes compensates 
for the increased pump delivery as speed increases 
and pressure is nearly constant for several 
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hundred revolutions per minute in the idling 
range. Beyond the idling range, pressure 
at full throttle increases along line Y, representing 
the pump delivery with holes A fully open and 
forming a constant by-pass. 

The second small hole B is spaced to begin 
by-passing fuel at a predetermined pressure 
corresponding nearly to the speed of maximum 
engine torque. As speed, and consequently 
pressure, continue to increase, these holes move 
toward the right of Fig. 3 until they are uncovered 
and fuel can pass through: thus line Z falls 
below line Y. 

When the engine reaches governed speed, the 
governor shaft begins to restrict the flow (see 
Fig. 5 (d)) and increases the pressure in the 


Fig. 3—Sectioned regulator. Fuel enters 


pressure 
through the strainer at the top. The ferrule of the 
to the right of hole “‘ A ”’ 


can be seen 


pressure regulator chamber to the point where 
the movement of the regulator brings hole C 
past the edge of the collar, allowing more fuel 
to be by-passed. If the throttle is closed at high 
revolutions per minute, the regulator will simi- 
larly open hole C, and all fuel will be by-passed 
and recirculated through the gear pump. 

The supply manifold pressure is also shown in 
Fig. 4: it is lower than that in the regulator 
chest by virtue of restrictions to the flow past the 
throttle and governor. 

The maximum torque of the engines and their 
horsepower is limited by a columnar plastic 
piece located in the spring assembly, the end of 
which can be seen in Fig. 3. This insert blocks a 
predetermined portion of holes A and can be 
adjusted by the additions of shims. Being 
reactive to temperature, the insert acts as a 
compensator for variations in the viscosity of the 
fuel as a result of changes in temperature. 

Control by the throttle is accomplished by the 
arrangement of the throttle shaft relative to 
the system of idling and high speed ports and 
the governor shaft. The throttle flat side permits 
the flow of the fuel along the top of the shaft and 
down the idle port, when the throttle is closed. 
With the governor shaft in the starting position, 
Fig. 5 (a), fuel is free to flow from the idle port 
around the groove in the governor shaft and on 
to the engine. As the engine starts and builds 
up to idling speed, the groove shoulder of the 
shaft of the governor moves to restrict and 
eventually close the idling port, the shaft being 
moved by the weights of the governor, working 
oo to the light idling spring (Fig. 

)). 

The throttle being opened, the hole in the 
throttle shaft comes into index with the high- 
speed port and fuel begins to flow through this 
passage. As fuel supply is increased, the engine 
speed is raised, thus causing the governor weight 
to move the governor shaft into a position which 
closes the idling passage. In this situation, 
shown in Fig. 5 (c), the manifold pressure is 
controlled by the setting of the throttle, the 
restriction of the fuel passage being controlled 
by the degree to which the hole in the throttle 
shaft coincides with the high-speed port. Upon 
the engine reaching speeds subject to the gover- 
nor, the shaft of the governor moves further 
past the fuel ports, covering a portion of the 
high-speed port, as in Fig. 5 (d), until at no-load 

the governor shaft almost effects a com- 
plete closure of the ports. By this system of 


THE ENGINEER 


control by governor and throttle, when the speed 
of the engine over-runs the governor, as in the 
case of vehicles descending gradients, the idling 
and high-speed ports are completely closed by 
the governor shaft, thereby starving the. injectors 
of fuel. When, however, the throttle is in a 
closed position and the speed of the engine is 
above the governed minimum speed (e.g. vehicles 
coasting down hills), the throttle cuts off the fuel 
flow through the high-speed ports, and the gover- 
nor that through the idling ports ; therefore, no 
injection of fuel is made into the cylinders. 
Once the engine speed falls to idling injection is 
resumed. 

The governor, a mechanical flyball device, works 
against two small idling springs and a large 
high-speed spring. Adjustment of the idling 
speed can be carried out by varying one idling 
spring by means of a screw. 

The engine is shut down by a valve 
which can be either manually operated or sole- 
noid controlled. In both cases the engine is 
stopped by the exclusion of fuel to the injectors. 
When solenoid operated, the valves are supplied 
to be operated by 6V, 12V, 24V and 32V d.c. 
and 115V and 220V a.c. service. In cases of 
power failure, there is an automatic closure of 
the valve. This automatic shut-off can be 
arranged so that the operator is able to lock the 
valve open, thereby permitting running of the 
engine where the electrical equipment has failed. 


DESIGN AND DEVELOPMENT 


The development of the P.T. fuel pump and 
injector has made possible a reduction in the 


number of parts, the weight and the bulk, when 


compared with the two former Cummins pump 
systems, as can be seen in Fig. 6. The following 
table lists these reductions :— 


Double 
disc pump 


33 1b 
245 





Single disc 

pump 

104 Ib 
216 





EE ae 

Total number of different 
parts 

Number of parts 415 448 


Bulk 100 per 40 per 
cent cent 














With fewer parts than even a petrol engine 
carburettor and injection of like service, the new 
unit is reported to have advantages over all 
former diesel systems. The unit was designed to 
utilise parts already available, or capable of 
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Fig. 4—Chart of regulator chest and fuel manifold 
pressures 


economical large-scale production. The major 
castings in the P.T. system are permanent mould 
aluminium castings, permitting a reduction in 
the cost of production and yielding the most 
satisfactory method of fabrication. 

Some individual pumps have over 250,000 
miles of successful operation. The preliminary 
study of the results of field tests indicates a 
reduction in maintenance and operating costs 
when compared with other systems. The system 
is designed for fuel economy and operates on 
No. 2 diesel fuel. 

As previously mentioned, it was one of the 
requirements of the design that the system should 
be simple to service. This is reflected in the fact, 
that it is suggested that, for normal service work, 
the only tools required are a screw-driver, 
Allen wrench, snap-ring pliers and a socket or 
end spanner. It is estimated that the average 
mechanic requires only eight to sixteen hours’ 
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training in the P.T. system to be able 
to rebuild or repair the units, even though 
he may not have had previous diesel experience, 
The absence of timing, fuel rack and injector 
adjustments makes the service of the uni: even 
less complicated, the only timing necessary being 
the setting of the injector tappets. The function. 
ing of the system can be determined by the 
readings of two pressure gauges ; one is attached 
to the fuel manifold between the pump and the 
injector inlets, and the other, giving the suction 
pressure readings, is attached to the suctioin side 
of the pump. The elimination of check and float 
valves obviates these sources of trouble. 

It is interesting to note that, since the matching 
of the injectors depends upon the accurate 
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Fig. 5—Operation of governor 


distribution of pressure throughout the fuel 
manifold, no repairs are permitted to a bent or 
dented manifold. The manifold is simple and 
cheap to manufacture and it is replaced complete 
wherever damaged. 

Despite the fact that the pump can be cali- 
brated while installed, it is recommended by the 
company that a simple bench test stand be utilised 
which, while providing the pump with variable 
speed drive, also provides a fuel oil supply, 
gauges for suction and discharge pressure, and 
restriction constants on the outlet side of the 
pump. The calibration is based on readings of 
required pressure working against an orifice of 
fixed bore at various pump revolutions per 
minute. The injectors are best checked by flow 
test meter under a fixed pressure of fuel, although 
less accurate results can be obtained by sample 
plug tests on the metering orifice. 

Although the first major applications and tests 
of the P.T. system were made in 1954, the 
majority of the experimental work took place in 
1949 and 1950. Part of this experimental work 
was the development of the 1950 Cummins 
diesel racing car, the system permitting the 
thodification of the Cummins ‘“ JBS-600” 
engine to run up to 4000 r.p.m. This was the 
first trial of the P.T. pump, and further modifica- 
tions of the fuel system and engine and the addi- 
tion of the turbo-charger, coupled with a radical 
design of racing-car body, gave the 1952 Cummins 
diesel-powered car the lead in the 1952 Indiana- 
polis 500 mile race. The 401 cubic inches hori- 
zontal engine, developing over 400 h.p. at 
4000 r.p.m., gained a new qualifying record of 
138-01 m.p.h. for the four laps, thereby proving, 
according to the manufacturers, the suitability 
of diesels for high-speed operation when equipped 
with P.T. fuel systems. At the same time, field 
tests were being carried out on hand-built P.T. 
systems, and after data on variations in machin- 
ing, fuel flow and component arrangement had 
been studied, additional systems were fabricated 
and tested in the laboratory and subjected to 
further field tests on engines such as the “‘ NH- 
600.” Upon the findings of these tests it was 
decided to enter into pilot production. As it 
was considered that there should be suitable 
arrangements for the supply of pumps to the 
entire line of engines, the plant was tooled and 
jigs were obtained, the pilot production being a 
run of 500 complete units. At the same 
time, information and data were supplied to 
dealers and service personnel were trained. The 
pilot production units went to further field 
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testing and, at the time of closing of the field 
test in May, 1954, not one operator had returned 
a P.T. system. Upon the results of these tests 
the P.T. fuel system was fitted as standard 
equipment on all Cummins diesels produced 
since July 1, 1954, and the units have been made 
available throughout the world. 

Examples of the field tests include all types of 
diesel usage. A rotary oil drilling rig, equipped 
with a 300 h.p. “ NHRBIS-600’ Cummins 
diesel, and the new P.T. system, carried out 
approximately 22,000ft of hole drilling without a 
single minute of breakdown time. A 300 h.p. 
“ NHRBS-600 ” Cummins diesel, with the new 
system installed, powering a_ long-distance 
haulage tractor, ran up a total of 216,000 miles 
over mountainous country before it was necessary 
to service the P.T. fuel unit. Then, only four 


hours’ work was required to put the pump back 
into operation again. 

Fleets of lorries were used for further com- 
parative field tests and in all cases the P.T. 
system provided satisfactory performance records, 
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Institution of Naval Architects in 
Yugoslavia 


ON September 18th, members of the Institution 
of Naval Architects left London to travel to 
Ostend to join the Steirmark express to make the 
journey to Yugoslavia, where the autumn meeting 
of the Institution was being held. The programme 
of the meeting included, in addition to the 
reading of technical papers, visits to shipbuilding 
establishments and opportunities to become 
acquainted with the social institutions and 
culture of the country, and to see something of 
its scenic beauties. 

The party, numbering about ninety, 
arrived at Opatija, a coastal resort on the 
Istrian peninsular near Rijeka, on Sunday, 
and the meeting, which was held under the 





Fig. 6—The fuel pumps of the 1932, 1949 and 1954 engines compared. Since the PT pump does not 
have to be timed a toothed coupling is unnecessary 


the lorries involved carrying out their operations 
under the normal procedure for their work. 
Very great mileage was logged ; in some cases 
each unit recorded 8000 miles per month. The 
field tests were carried out all over North America 
so that the great variety of conditions present 
over that continent could be compared. 

In view of the fact that there has been a 
constant swing to the diesel engine for heavy 
haulage lorries and tractor units, it was a problem 
of diesel engine manufacturers that diesel output 
speeds were considerably below those of the 
petrol engine. This was due to the lack of con- 
trol on fuel supply in diesels, and with an increase 
from 18 per cent of heavy lorries in 1947 using 
diesel to 55-60 per cent in 1953, it was considered 
that some change in the injection and pump 
systems of the diesel was overdue. «The fact 
that the manufacturers of the P.T. system had 
been carrying out research on a pump for high 
rotative speeds gave them the opportunity to 
apply their units to practical tests during the 
years of increased use of the diesel in the haulage 
business, and it was the test of their 1952 racing 
car that is considered by them to mark the 
point where the diesel engine could compete 
with the petrol engine on equal terms. It is 
stated by the manufacturers that no diesel fuel 
system in the past has been able to stand such 
rotational speeds as were demonstrated by their 
racing car. 

A paper, “The New Cummins P.T. Fuel 
System,” containing much of the foregoing 
information, was presented to the S.A.E. 
National West Coast meeting on August 16, 
1954, by Mr. J. W. Rowell and Mr. C. R. Boll, 
of the Cummins Engine Company, Inc., Colum- 
bus, Indiana, U.S.A., the meeting being held 
in Los Angeles, California. 





PorT OF LONDON.—We have received from the 
Port of London Authority, London, E.C.3, an illus- 
trated booklet entitled “Port of London.” It 
describes the various systems of docks which the 
Authority controls, and also outlines the various 
duties for which the Authority is responsible. 





patronage of Marshal Tito, the President of the 
Federal Peoples’ Republic of Yugoslavia, opened 
with an official reception in the Kvarner Hotel. 
Professor Ing. S. Silovic, representing Ing. A. 
Jagodivik, the president of the Yugoslav Society 
of Naval Architects, formally opened the meeting, 
which was addressed by Vice-Admiral Jerkovic, 
who was present as representative of Marshal 
Tito. The Admiral referred to the Marshal’s 
experience as a shipyard worker in his early days 
and to the ancient maritime tradition of his 
country, and went on to praise the international 
character of the Institution of Naval Architects 
and its willingness to co-operate with the naval 
architects of other countries. After formally 
welcoming the visitors, Professor Silovic gave 
an informal talk on Yugoslavia, outlining the 
geographical position of the country, its physical 
characteristics and its historical associations 
with Venice, the Ottoman Empire, Austria and 
Italy. He briefly described the six republics 
comprising the Republic of Yugoslavia, the 
languages and forms of writing in use, and then 
went on to remark upon the coastline with its 
thousand islands and the shipbuilding traditions 
of the people. The working of the nationalised 
industries was explained and also the method of 
dividing the profits of which half are taken by the 
State, one-quarter given to the town and republic, 
the rest being at the disposal of the particular 
industry. This remaining 25 per cent of the 
profit remains tax-free if it is reinvested, but is 
heavily taxed if distributed as additional earnings. 
Professor Silovic presented copies of the first 
two volumes of an encyclopedia of shipping to 


Sir Harold Yarrow, Rear-Admiral Sir Arthur 


Hall, Professor Dr. Ing. Kempf of Germany, 
Professor Dr. Ing. van Lammeren of Holland, and 
Monsieur Augustin-Normand of France. The 
opening ceremony concluded with the presenta- 
tion of the Diploma of Honorary Membership 
of the Institution of Naval Architects to Marshal 


Tito, and this was accepted on his behalf by 
Admital Jerkovic. 

Latér, on Monday, there was a reception: by 
the Lord Mayor of Rijeka in the Town Hall, 


where the visitors were able to visit the maritime 
museum and an exhibition of Yugoslav art. 
From the reception the members proceeded to 
the Peoples’ Theatre to see a performance of the 
opera “‘ Ero from the Other World ”’ as the guests 
of the Yugoslav Society of Naval Architects. 

On the evening of Tuesday, the delegates were 
the guests of the Association of Yugoslav Ship- 
yards and Engineering Works and the Association 
of Yugoslav Shipping Companies on board the 
“Vuk Karadzic,” a ship of the “‘ Poet ”’ class, 
for an evening cruise along the coast in the 
immediate vicinity of Opatija and Rijeka. The 
ship is one of a group of six ships built at the 
Uljanik shipyard at Pula, which have dimensions 
substantially similar to the “‘ Maid”’ class of 
passenger ships built for the Clyde services. 

An excursion to the coastal towns of Kraljevica 
and Crikvenica was arranged on Wednesday 
morning for the ladies who could, if they desired, 
as an alternative, pay a visit to several of the 
social institutions in Rijeka. The reading of 
the technical papers was concluded on Wednesday 
and in the evening the Yugoslav Society of Naval 
Architects were the hosts at an informal dinner 
at the Kvarner Hotel. Afterwards, the guests 
were entertained by the members of a local 
society who danced a number of the country’s 
folk dances. On the following day, the ladies 
made the journey to Postojna to see the famous 
caves, in which for the first part of the tour the 
visitors were transported for about 2 miles in a 
miniature underground train and then completed 
the tour on foot. Meanwhile, the members, at the 
invitation of the President of the Workers* 
Council, paid a visit to the shipyard “* 3 Maj” at 
Rijeka, and were received by the technical 
director, Mr. Zlatko Winkler. The yard has 
five building berths and can construct ships up to 
180m in length, including oil tankers of 24,000 
tons deadweight, and is being steadily modernised 
by the provision of increased facilities for pre- 
fabrication, the ultimate aim being to produce 
steelwork at the rate of 25,000 tons perannum. The 
labour force is about 3200 plus 500 apprentices, 
and a number of 10,000-ton tramp ships are 
under construction. Much ship equipment and 
auxiliary machinery is made in the yard and a 
licence has been taken out to build Sulzer diesel 
engines ; however, the construction of turbine 
machinery is concentrated at a new works 
recently completed at Karlovac. 

The whole party embarked, on Thursday 
evening, on the T.S.S. “ Partizanka,”’ to cruise 
down the Dalmatian Coast and visit places of 
interest and the shipyard at Split. Early on 
Friday morning the “ Partizanka,” which was 
built in 1931 by Swan, Hunter and Wigham 
Richardson, Ltd., sunk during the war, salvaged 
ten years later, and reconditioned in 1953, arrived 
at Korcula. A short but interesting tour was 
made of this picturesque old town, which was 
known to the Romans and Greeks, is’ reputed 
to be the birthplace of Marco Polo, and has 
Gothic and Renaissance architecture. Shortly 
‘after noon the ship arrived at Gruz, the harbour 
of the ancient walled town of Dubrovnik, which 
had its beginnings in the seventh century. The 
ship sailed after midnight for Split, where the 
ladies were taken on a short sight-seeing tour 
round Marjan, while the delegates visited the 
shipyard which is the largest in Yugoslavia and 
the development of which formed the subject 
of one of the papers given during the meeting. 
The party was received at the shipyard by the 
technical manager, Ing. O. Kohout, who later, 
in his capacity of president of the Split section 
of the Yugoslav Society of Naval Architects, 
welcomed the members and their ladies to a 
reception. Split is mainly noteworthy for the 
ruins of Diocletian’s Palace, but it was also 
interesting to encounter a number of double- 
decker London buses in their familiar red paint! 

From Split the voyage was continued north- 
wards and a short call made at Sibenik, where 
there is a fifteenth-century cathedral attributed 
to Orsini and Nicholas of Florence. The 
“ Partizanka” arrived at Rijeka on Sunday 
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morning and the majority of the members 
entrained for England, while a small group, at 
the invitation of Professor Ing. S. Silovic, went 
by road to Zagreb to visit the towing tank 
under construction there. This is a most 
ambitious project, which is expected to be com- 
pleted within the next two years. At present a 
small tank having an operational length of 37m, 
a breadth of 3m, and a depth of 24m, is in use 
and employing models 180cm long. This tank 
is designed to be connected with a large steering 
basin, which is completely covered and has a 
centre island and a rotating arm. Two other 
towing tanks are in an advanced stage of con- 
struction; one has a length of 300m by 5m wide 
by 3m in depth, and the other is 270m long by 
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12m wide and 64m deep. Also included in the 
building scheme is a cavitation tunnel, which 
will have a measuring section having dimensions 
Im by im; parts of the steelwork are 
being built in the “3 Maj” shipyard at Rijeka. 
The well-designed and equipped office block is 
already complete and occupied. While in 
Zagreb the opportunity was taken to visit the 
Ethnological Museum to see exhibits of the 
costumes of the country, and also to spend a 
short time in the Modern Art Museum, before 
making the return journey to England at the 
conclusion of the visit to Yugoslavia, where the 
members of the Institution had enjoyed an 
excellently organised tour of the country and 
wonderful hospitality. 


Ground Water Lowering at South 
Denes Power Station 


oun DENES power station, which is now 
under construction for the Central Electricity 
Authority at Great Yarmouth in Norfolk, is 
situated on a spit of land with the sea on one side 
and the River Yare on the other. The site has 
a coarse sandy ballast at the surface, with silty 
clay below it, underlain by layers of ballast 
containing lenses of clay, which extend below the 
power station’s formation level. With free water on 
two sides of the site, construction of the founda- 
tion works and cooling water culverts’ was not 
straightforward, and installations of wellpoints 
were employed to enable excavation and con- 
struction, in the dry, of the foundation raft 
for the boiler and turbine houses and various 


sand was added, to give an adequate filter area 
around each wellpoint. 

Work started in June, 1954, and excavation 
was carried down from the general ground level 
of +12 O.D., to —2 0.D. The initial wellpoint 
installation at level +2-00 O.D. comprised one 
line of wellpoints with 14ft risers which was 
installed on the south side of the main raft position. 
This was extended round the west side, the length 
of the risers increasing to 18ft, with a short 
return along the north side. Ground water level 
was at +1-00 O.D. 

Concurrently with this work sheet piling for 
the cooling water culverts on the west side was 
commenced and wellpoints were installed on 


Excavation for cooling water conduits and turbine blocks at minus 21-00 O.D. at South Denes power station. 
The lines of wellpoints at each side of the excavation are shown and also the advancing transverse lines of 
wellpoints which prevented entry of water into the excavation from the progress end 


other buildings, the cooling water culverts, 
including a riverside intake structure and a sea 
outfall, and the ash conduits. The use of well- 
points was, however, complicated by the differing 
permeabilities at different levels ; reference to 
the table illustrates this point. All wellpoints 
were therefore “ chain jetted,” i.e. a length of 
chain was hooked to the jetting tip in such a way 
as to make it easily removable after the jetting 
operation. The action of the chain reinforced the 
normal jetting operation so that a cavity was 
eroded around the wellpoint into which coarse 


each side of the two lines of piles. This installa- 
tion consisted of a header line at —4 O.D., 
above each line of sheet piling, connected with 
wellpoints with short lengths of riser pipes on 
the outside of the piles and 25ft wellpoints on the 
inner side of the piling. The object of this 
arrangement was to control the flow of water in 
the coarse material by the short riser pipes, and 
so reduce the loading on the piles, and the artesian 
pressure present within the fine materials in the 
cofferdam by the 25ft wellpoints. With this 
installation ‘it was possible for work to 
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proceed in dry conditions at —21-:00 Op, 

The installation of this lower system made jt 
possible to eliminate the initial high-leve! wel}. 
points and still keep the ground water level below 
the formation level of the main building site. 
Then, as concreting progressed, the Cooling 
water culvert trench was advanced towarils the 


Sieve Analyses at Various Levels at Site of South 
Denes Power Station 
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cooling water intake, to the south, and towards 
the turbine foundation blocks, across the north of 
the site. 

Construction of the foundation blocks for 
the turbines followed along very similar lines 
to that just described for the cooling water 
conduit. In this case, however, the wellpoints 
outside the sheet piling also helped to overcome 
the flow of water into the excavation through 
split piling clutches caused by the hard pile- 
driving conditions. The accompanying illustra- 
tion shows the trench for the cooling water 
conduit in the foreground. The wider excavation 
is for the turbine foundation, through which 
the cooling water pipes are laid. 

Wellpoints were also installed on the first 
sections of the cooling water outfall conduit, 
which extends about 800ft beyond high-water 
mark, but have not been employed beyond the 
high-water springs tide-mark because the material 
encountered is of a coarse nature without fines, 
and open pumping has proved adequate. How- 
ever, if finer materials are again encountered 
as excavation progresses, it may be necessary 
to reintroduce wellpoint dewatering. On the 
site of the cooling water intake a cofferdam has 
been constructed fronting on the River Yare 
within which wellpoints have been jetted at 
— 13-00 O.D. to enable the contractor to found 
the new structure at —24-50.D. Difficulty was 
experienced due to water from the river finding 
its way into the excavation area through split 
piling clutches, but this inflow was controlled by 
heavy-duty submersible pumps, wellpoints being 
used to stabilise the fine materials and thus over- 
coming the possibility of serious blows or boiling. 

The consulting engineers for the foundations, 
river works, culverts and outfall at South Denes 
are Messrs. Rendel, Palmer and Tritton. The 
contractor for these works is Peter Lind and Co., 
Ltd. The wellpoint dewatering plant was 
supplied by Blaw Knox, Ltd. 





Radio-Controlled Tractor 


We recently attended a demonstration, 
arranged by Ford Motor Company, Ltd., 
Dagenham, of a radio-controlled tractor. The 
tractor used for this method of operation is a 
Fordson “ Major’’ diesel, as illustrated oppo- 
site, its radio control being effected by a simple 
transmitter working at a frequency of 27:12 
megacycles. The transmitter provides for six 
separate, but not simultaneous, channels, by 
means of audio-frequency modulation of the 
carrier, the receiver having tuned reed output 
relays for reception of the individual signals 
which in turn operate secondary relays to provide 
excitation from the 12V tractor battery for the 
solenoids connected to the tractor controls. 
Both the transmitter and receiver are battery- 
operated, the latter being carried in a case fixed 
to the side of the tractor near to the telescopic 
whip aerial which can be extended from 18in to 
5ft. The operator’s control box is separate from, 
but attached to, the transmitter by a flexible 
cable up to 8ft long. The controls are arranged 
to give the following movements to the tractor : 
steering left and right, clutch release, implement 
raising and lowering, and engine stop. On the 
tractor, in association with the receiver, there is a 
bank of coloured lights which indicate the 
control. functions enumerated above and which 
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The control box, transmitter and tractor. The system ‘is powered by 12V batteries, one of which can be seen 
in the middle foreground. The tractor can be turned left and right, the clutch engaged or disengaged, and 
the hydraulic system operated 


provide a continuous check on the operation of 
the radio transmitter and receiving gear. The 
“engine stop ’’ function is also associated with a 
safety device, which comes into operation in the 
event of a failure in the transmitter or receiver. 

The hydraulic system, which operates at about 
500 Ib per square inch, includes a Plessey pump 
installation, a 5-gallon header tank fitted under- 
neath the radiator, a Keelavite control valve and 
the solenoid operated by-pass valve, as well as 
the valves and hydraulic cylinders concerned 
with steering and clutch control. The function 
of the by-pass valve is to short circuit the pump 
when no hydraulic power is required, thus 
reducing the amount of energy wasted in pump- 
ing. The steering of the tractor is effected by a 
double-acting cylinder, with an area of about 
3 square inches controlled by a double-acting 
valve which is magnetically operated from 
the 12V tractor battery through the output 
relays of the radio receiver. The mechanical 
output of the hydraulic cylinders is coupled to a 
point on the steering drop-arm, and there are 
by-pass taps provided so that hand steering may 
be resorted to if necessary. The clutch is con- 
trolled by a single-acting cylinder, 3 square inches 
in area, which is arranged to operate direct on 
the linkage between the pedal and the clutch. 
A slotted eye on the fixed end of the clutch 
cylinder permits pedal operation as an alter- 
native. The rate of clutch operation is controlled 
by a small restricting orifice in the return line 
from the cylinder and control valves. For the 
“engine stop ’’ control there is a solenoid with 
linkage direct to the lever on the fuel injection 
pump casing, and to provide a full measure of 
safety it is arranged to hold the mechanism in the 
running position when energised. Normally this 
control is held out in the “‘ stop”’ position by a 
spring, so that, as already mentioned, in the 
event of any electrical failure either from the 
radio or from the battery the solenoid is de- 
energised and the engine stopped. To raise and 
lower the implement gear the existing control 
lever has been removed and the linkage con- 
nected to a motor-driven actuator. This is con- 
trolled by limit switches to provide the correct 
stroke and automatically centre the valve when 
the operating switch on the control panel is 
allowed to centre from the raised position, 
corresponding to the spring centring cam device 
normally fitted to the manual control. 

It should be added that the Ford Motor 


Company, Ltd., does not intend to put this 
modification of the “‘ Major” tractor into pro- 
duction ; it intends to use it extensively for field 
demonstrations. Nevertheless, something on 
these lines may quite well have a place in the 
transport of fissionable material at nuclear power 
plants, and, furthermore, it may be a pointer to 
the future of mechanised farming. The installa- 
tion of the equipment was done by Fenlow 
Products, Ltd., Weybridge, Surrey. 





Welding Electrode Drying Ovens 


A GREAT deal of research has been carried out 
in recent years by the arc welding industry to 
discover the causes of defects, such as porosity, 
roughness and underbead cracking, in high- 
strength welds. It has been found that a major 





A pedal-operated lid allows a warmed electrode to 
be withdrawn from the oven rapidly 


cause of these defects is moisture in electrodes. 
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Also, for certain classes of electrodes used in 
shipbuilding, it has been found that better 
results are obtained if welding rods are heated 
to 100 deg. to 300 deg. Cent. before use. 
Siemens-Schuckert (Great Britain), Ltd., Faraday 
Works, Brentford, Middlesex, has now pro- 
duced two furnaces specially for these purposes. 
We illustrate the smaller, which is light, takes 
up little floor space, and is provided with 
handles for hoisting or carrying. It is provided 
with a pedal-operated door to give rapid 
access to the heated interior, which can be 
set to remain at temperatures between 75 deg. 
and 300 deg. Cent. by means of a thermostat. 
Power consumption is 1kW and about 80 lb of 
electrodes can be accepted. A larger oven 
carries about 3cwt of electrodes lying hori- 
zontally on three shelves; its rating is 14kW. 





Industrial Water Coolers 


THE increasing difficulty of obtaining adequate 
supplies of chemically suitable water for cooling 
industrial plant has led Philips Electrical, Ltd., 
Century House, Shaftesbury Avenue, W.C.2, to 
introduce a complete range of closed circuit 
water cooling systems. 

Water is continuously pump-circulated and 
there are only evaporation losses to replace, so 
that considerable reduction in water consumption 
is possible. Intended primarily for use with 
Philips high-frequency generators, the equip- 
ment is equally suited to many other cooling 
requirements. 

The systems operate from storage tanks with 
capacities varying from 25 to 300 gallons 
(according to requirements) and with radiator 
dissipations ranging from 3kW to 240kW. Air 
cooling is provided by a motor-driven fan. Units 
are available in ‘skeleton’? form—with the 





The adjustable louvres shown on this 80kW cooler 
are not normally fitted 


radiator, fan, pump and motors mounted on 
rubber bases upon a mild steel framework— 
or as completely self-con.ained units with storage 
tank and all associated equipment built into a 
cabinet. 

The tank can contain mains water if suitable, 
chemically treated local water, or distilled water. 
It is fitted with a visual gauge, float switch, 
thermostat and pressure switch : the thermostat 
switches the fan on or off as required to maintain 
the desired temperature of water leaving the 
cooler. Our illustration shows a typical self- 
contained unit capable of handling up to 1300 
gallons per hour at a maximum pressure of 55 Ib 
per square inch, and dissipating 80kW at a 
maximum outgoing temperature of 35 deg. Cent. 
with a maximum ambient temperature of 25 deg. 
Cent. 
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Figs. 1 and 2—Reel end of paper machine at Associated Pulp and Paper Mills Pty., Ltd., Burnie, Tasmania. It is equipped with ‘‘ Metrolock ”’ 


sectional drive. 


Right : Driving motors and ‘‘ Metrolock ’’ control cubicles for paper machine. Each motor is individually fed by a generator ; 


speed is controlled by comparing the voltage of a d.c. tacho-generator with a reference signal, amplifying the difference, and using it to control 


Electronic Sectional Drive for a 
Tasmanian Paper Machine 


A PAPER machine drive equipped with the 
“* Metrolock ” control system and supplied by 
Metropolitan-Vickers Electrical Company, Ltd., 
has been put into operation on No. 8 paper 
machine at the Papermakers, Ltd., mill of 
Associated Pulp and Paper Mills Pty., Ltd., 
Burnie, Tasmania. It is the first of two such 
drives for paper machines manufactured by 
Bertrams, Ltd., Sciennes, Edinburgh, for instal- 
lation at this mill. They are designed to make 
fine writing papers—wood-free banks and bonds 
—from both soft and hard wood pulp and to 
run at 1000ft per minute. No. 8 machine, now 
in commission (Fig. 1), has a trim width of 
120in and a maximum output of 40 tons per day, 
the drive being arranged at present for a maxi- 
mum speed of 825ft per minute ; it comprises 
nine sections, of powers ranging from 17 h.p. 
to 75 h.p. No. 9 machine, soon to be erected, 
has thirteen sections of similar powers. 

The section motors (Fig. 2) are supplied from 
their own individual generators, the fields of 
which are controlled by magnetic amplifiers. 
Speed control is provided on the “ Metrolock ” 
system, in which the voltage developed by a 
d.c. tacho-generator mounted on each section 
motor is compared with a reference signal from a 
master speed control, and the difference is 
electronically amplified and applied to control 
the magnetic amplifier. The magnetic amplifier 
eliminates the need for large consumable com- 
ponents, the use of light current relays is avoided 
and regular checking of the amplifier is facilitated 
by a built-in monitoring circuit, the amplifiers 
themselves being withdrawable and interchange- 
able. 

A control station for each section is mounted 
at a convenient point. Draw is obtained elec- 
trically, without the use of cone pulleys or 
variable speed gears, by simply operating a 
calibrated control knob mounted on the section 
control station. A “slack take-up” push 
button enables slack paper between sections to 
be taken up without disturbing the setting of 
the draw control. The reel section has a tension 
control with over-riding speed limit, so that in 
the event of a paper break the reel continues to 
turn at a speed only slightly in excess of the 
normal operating speed. 

In addition to the controls mentioned above, 
the control station includes the start and stop 
push buttons for the section motor, an ammeter 
and voltmeter, a changeover selector switch and 
manual speed control, enabling the section to be 
run at any speed irrespective of the speeds of 
the remaining sections. This is a useful asset, 
facilitating machine maintenance and electrical 
testing. 

The machine is protected against damage due 
to mechanical or electrical fault by an adjustable 
circuit in the amplifier, which limits the armature 


the generator fields 


current and hence the torque of the motor to 
any predetermined value. It also eliminates the 
need for accelerating contactors and heavy 
resistances, because the current is restricted to a 
safe value during starting ; the contactor gear 
for each section is, therefore, reduced to a line 
contactor with overload relay and over-voltage 
protection. 

The complete control equipment for each 
section is housed in a cubicle situated close to 
the section motor (Fig. 2) : this layout simplifies 
installation, wiring and maintenance. The 
cubicles are all identical‘and a further measure 
of standardisation is obtained by the use of three 
frame sizes only for section motors and three for 
the corresponding generators. 





Automatic Screw Feeding Machine 


AN automatic screw feeding machine for use 
in conjunction with power-operated driving tools 
has been introduced into this country by Guest, 
Keen and Nettlefolds (Midland), Ltd., Heath 


Pneumatically operated machine for feeding screws 
to power driving tool 


Street, Birmingham, 18. This machine is adapt- 
able for use with either pneumatically or elect- 
rically driven portable screw driving tools of stan- 
dard design, and its operation calls for a supply of 
compressed air at normal shop pressures between 
70 Ib and 90 Ib per square inch. It is known as 
the “ Pneumaserve”’ and consists essentially 
of a hopper assembly feeding screws one at a 
time through a plastic tube to a holder assembly 
mounted on the driving tool. A tool fitted with 
the feeding equipment is fully portable over a 


radius of 20ft, and it can be operated equally 
well at any angle. 

The feeding machine and a tool fitted with 
the screw holder can be seen in the accompanying 
illustrations. The hopper feeding equipment and 
an air control valve are mounted on a rigid 
cabinet base connected to the main air supply. 


. The holder assembly fitted to the driving tool 


heaa is connected to the machine by two flexible 
plastic tubes, one of which feeds the screws and 
the other actuates the main control valve. Screws 
loaded into the hopper gravitate on to an air- 
operated reciprocating slide, which in each 
operating cycle raises a number of screws by 
their heads. As the slide rises the screws gravitate 
down into the slot of the inclined feed magazine 
A. An air-operated shuttle plate at the foot of 
this magazine is actuated on each screw driving 
cycle and releases one screw, point foremost, 
into the feed tube B. 

In the holder assembly on the driving head 
each cycle begins with the forcing of a screw by 
air pressure from the feed tube into a central 
recess in a pair of spring-loaded jaws which hold 
it firmly immediately below the head with the 
threaded shank projecting. On the screw being 
presented to the point at which it is to be inserted 
and the power tool being pressed on it and started 
in the usual way, the screw is driven in until the 


Screw holder fitted to power driving tool 
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clutch slips on the required torque being attained. 
As the driver spindle forces the screw into the work 
it opens the holding jaws to release their grip 
and free the screw for its full insertion up to 
the head. 

The valve block by which the holder is mounted 
on the nose of the driving tool is connected by 
the small tube C to the main air control valve 
on the feeding machine. Whilst the screw holder 
is extended in its inoperative position, as shown 
in the illustration, air is allowed to escape through 
this valve. As pressure is applied to drive the 
screw home the holder head moves back against 
a loading spring and the spindle D slides through 
the valve block to cut off the escape of air. This 
has the effect of creating a back pressure in the 
line, and this pressure actuates a servo-valve 
on the machine to start the feed cycle and deposit 
another screw into the feed tube. When pressure 
is released on the tool at the end of a driving 
operation the holding head is pushed forwards 
by its spring and back pressure is released in 
the control tube. Just before a screw is released 
to the feed tube by the shuttle plate a blast of 
air is admitted to the top of the feed tube to 
drive the screw resting in it into the jaws of the 
holder. 

The equipment is designed for use with screws 
up to 14in long with shanks from 0-Olin to 
0:250in diameter, and to cover this range ten 
sizes of holder heads and four sizes of hopper 
feed magazines are available. The machine can 
be used for handling screws of many types, 
including slotted or ‘“ Phillips’? recess wood 
screws, self-tapping screws and machine screws. 
Speed of operation naturally varies with the class 
of work and the capacity of the operator, but, 
as was shown in a recent demonstration by the 
makers, screws can be fed and driven at a rate 
at least three times faster than can normally be 
attained by any operator in transferring the tool 
between driving positions. The machine is 
completely portable and, if required, can be 
easily adapted for the fitting of the driving head 
assembly on a machine in an assembly line. 





Safety Equipment for Tin Dredges 


A WARNING device has been installed by 
Sungei Way Dredging, Ltd., of Malaya, on one 
of its dredges to ensure the automatic sounding 
of a siren for thirty seconds, followed by an 
adjustable time lag, before the winches can be 
started. This warning and the subsequent time 
delay ensures that maintenance workers can be 
clear of winch ropes and fairleads before starting 
up. The equipment was designed by A. E. 


Mohring and Son, consulting electrical engineers, 
in conjunction with Chamberlain and Hookham, 
Ltd., New Bartholomew Street, Birmingham. 
To appreciate the alarm system it should be 
understood that a typical tin dredge (Fig. 1) may 
be as much as 300ft long. It floats in a man-made 
lake, known locally as a “* paddock,” and dredges 
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Fig. 2—There are two process timers in the control 

equipment. One determines the period, up to thirty 

seconds, of the siren ; the other controls the time, up 

to twenty minutes, between the alarm and the starting 
of the winch 


by means of a large bucket chain mounted at the 
front, the spoil or “ tailings’ being deposited 
behind : thus the paddock virtually moves with 
the dredge. On board the dredge are installed 
the tin-winning plant and the winch gear. The 
dredge is kept in position by five mooring ropes, 
two to port, two to starboard and one forward. 
These ropes are run off the winch drums to the 
shore, where they are made fast. The dredge is 
not propelled by a screw, but pulls itself on to its 
work by winching in the mooring ropes. 

During a halt for general maintenance repairs 
a fitter making adjustments to parts of the winch 
clutch or brake gear may well be out of sight of 
anyone starting up the winch. The new control 
system, which is designed to comply with safety 
regulations introduced by the Malayan Govern- 
ment, ensures that a siren is sounded for thirty 
seconds before any part of the winch mechanism 
can move. It also ensures that, if the winches are 
not started within a predetermined period of up 
to twenty minutes of the alarm being sounded the 
whole cycle has to be repeated before the winches 
will start. This precaution prevents the winches 
being started so long after the warning has 
sounded that the workers have forgotten it. 

The control equipment is shown in Fig. 2. It 
incorporates two Chamberlain and Hookham 
process timers. The first, set to thirty seconds, 
governs the period for which the siren is sounded, 
while the other, set to up to twenty minutes, 
governs the length of time that can be allowed to 
elapse between the sounding of the alarm and the 
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starting of the winches. Warning lamps below 
each timer light when the timers are running and 
the equipment operates from a single “ start ”’ 
button. 

This control panel is mounted alongside the 
control desk and is incorporated in this instance 
in a Ward-Leonard control circuit, but is equally 
suitable for other types of control. When the 
operator wishes to start the winches he must 
first press the “start”? button on the control 
panel, which actuates the siren and at the same 
time starts both process timers. After thirty 
seconds the first timer automatically switches off 
the siren and closes an actuating circuit in the 
control desk. The winches can then be started 
from the main control desk at any time during the 
next twenty minutes. But once this period, 
governed by the second process timer, has 
elapsed the whole cycle has to be repeated before 
the winches can be set in motion. 





Grinding Wheel Factory 


Ir has been announced by the Norton Grinding 
Wheel Company, Ltd., that during the next 
three years it is proposed to spend some £500,000 
on a scheme of extensions and reorganisation 
of the firm’s offices and works at Welwyn Garden 
City. The company was established in this 
country twenty-five years ago and the announce- 
ment was made in the course of a series of 
celebrations held to mark the anniversary. The 
expansion programme will provide facilities for 
the introduction of new equipment and a plant 
reorganisation plan to increase production. 
It will also enable a wider range of products, 
including refractories, to be made. 

In the course of a recent visit to the works we 
were able to see the manufacturing methods used 
by the firm and the present plant layout. Under 
the reorganisation and expansion scheme the 
plant will be arranged to give a general line 
production flow on one level from one end of the 
factory to the other. The factory site covers an 
area of some 15 acres and additions already made 
or about to be put in hand will house an addi- 
tional large tunnel kiln, the resinoid curing plant, 
the diamond wheel production plant, the crushing 
plant, and a finished wheel stores. The range 
of grinding wheels made by the firm covers a 
wide variety of standard and special wheels in 
many shapes and sizes from }in diameter and 
weighing a faction of an ounce to 72in diameter 
weighing more than 2 tons. Its other abrasive 
products include rubbing bricks and sticks, 
hones, oilstones and sharpening stones. In 
addition to being made in a variety of shapes and 
sizes, the grinding wheels can be made from six 
or seven different abrasive materials in dozens 
of different grit sizes, and held together with a 
number of different bonding materials. This 
makes the selection of the most suitable specifica- 
tion for a wheel for a particular class of work 
from the thousands of possible combinations 
a highly specialised task, and calls for a very 
close control in production at all stages. 

The two principal raw abrasive materials used 
for the manufacture of Norton products are 
fused aluminium oxide—for “‘ Alundum ” goods 
—and silicon carbide—for ‘* Crystolon”’ pro- 
ducts. The commonest bonds used are a vitrified 
clay bond, a thermo-setting resinoid bond, and a 
thermo-plastic shellac bond. 

The raw abrasive materials are delivered to 
the factory in lump form and _ are crushed, 
washed, cleaned of metal impurities and finally 
screened to the required grit sizes in a crushing 
house. The screened abrasive is collected in 
100 lb bags and delivered to storage hoppers 
above a weighing department. In this weighing 
department a rail-mounted weighing hopper 
traverses below lines of spouts extending down 
from the storage floor. In this weighing hopper 
the amount of abrasive required for a batch of 
wheels—which may be composed of several 
different grit sizes—is accurately weighed and 
then delivered to the feed chute of a mixing 
machine on the floor below. 

In the mixing machine a specified amount of 
water and temporary binder is added to the grit 
and then vitrified, resinoid or shellac bonding 
material of the specified weight added. The 
temporary binder is only used with “ green” 
vitrified bonding to give a degree of added strength 
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in the subsequent moulding operation. In this 
moulding operation mixed material to a precise 
weight is placed in a mould and levelled off on a 
rotating table before being pressed to the required 
shape and size. Vitrified wheel moulds in this 
“* green ”’ condition are relatively soft and friable, 
and at this stage many shaped wheels, such as 
““cups”’ and “saucers,” are partially shaped 
before firing, and small wheels are cut out from 
large unfired moulded blanks. In the press shop, 
where the wheels are moulded, the plant used 
includes hydraulic presses up to 2000 tons 
capacity; the rotating tables used in the 
preparation of the moulds are situated adjacent 
to the machines, together with roller tables and 
mechanical equipment to facilitate handling of 
the heavier moulds. In a separate section of 
the shop other equipment is installed for forming, 
pressing and-extruding hones, stones and rubbing 
blocks. 

From the moulding section the “ green” 
moulds are transferred and loaded in tiers on 
special cars for firing purposes, those with a 
vitrified bond being first dried slowly to remove 
excess moisture. The moulds are fired in con- 
tinuous tunnel kilns, those with a vitrified bond 
taking from four to nine days, according to the 
kiln size, to complete the firing cycle in the course 
of which temperatures of about 1250 deg. are 
used. The resinoid bonded moulds are cured 
in similar kilns at temperatures varying from 
120 deg. to 200 deg. Cent. in two days or less. 

After firing the wheels are transferred to a 
truing section, where the sides are trued to size 
and the bores cleaned to size or bushed with 
lead. Truing and forming of shaped wheels is 
largely done on special lathes using conical steel 
cutters, or, in the case of certain wheels, on 
machines where the wheels are revolved under 
pressure between steel plates covered with loose 
steel shot. After subsequent balancing the wheels 
are subjected to a speed test in which they are 
rotated at some 50 per cent more than their 
intended operating speed. Finally, the wheels 
are inspected and graded before transfer to the 
packing and dispatch departments. Throughout 
the factory it was evident that at all stages of 
production a very careful check is maintained, 
not only to ensure that a consistent and satisfac- 
tory standard of wheel is made, but also to 
avoid the slightest chance of structural flaws 
which might result in danger to the operators 
of grinding machines on which the wheels are 
used. ° 





Combined Lifting Rope and Cable 
for Underwater Television 


WE have received some details of trials that 
were held recently on the lake at Zurich, Switzer- 
land, using an underwater television camera 
fitted with a specially designed multi-core cable 
which also acts as a lifting rope for the camera. 
The trials were carried out by Pye Ltd., Cam- 
bridge, who made the camera. 

The combined lifting rope and cable was made 
in one length of 1000ft by British Insulated 
Callender’s Cables, Ltd., 21, Bloomsbury Street, 
London, W.C.1. As can be seen from the 
stepped section it is a double P.V.C.-sheathed 
version of a standard polythene insulated 
multi-unit television camera cable with a loom 
woven textile finish of hemp as a final 
covering. This special interlocking weave pro- 
vides extremely high tensile strength combined 
with flexibility and resistance to abrasion. It 
cannot fray or run loose and, because the indi- 
vidual threads are parallel with the axis of the 
cable, there is no undue strain on the cable cores. 
The loom braid is clamped to the camera coupler 
and thus provides the necessary strength for 
lifting the camera. 

The tests showed that by using this type of 
cable the time taken to sink and lift an under- 
water camera is vety much reduced. For instance. 
lowering a camera to the 400—500ft depth usually 
takes about forty-five minutes, whereas the new 
cable enables this to be done in two minutes. This 
great reduction is due to the absence of the usual 
wire hawser, which makes a slow descent impera- 
tive because of the danger of its fouling the 
electric cable. 

For the trials the underwater camera was 
connected to the cable by an underwater 
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Stepped section of combined lifting rope and signal 

cable for underwater television. It has a double 

P.V.C. sheath and a final covering of loom woven 
hemp 


coupler developed jointly by Pye Ltd. and 
B.1.C.C. Ltd., the cable passing over a pulley of 
approximately ift diameter and thence to a 
capstan of the same diameter. The cable was 
then flaked on to the deck of the boat in a 
figure 8 formation to avoid twisting, and con- 
nected to the viewing unit and ancillary equip- 
ment. The camera was lowered by allowing the 
cable to slip round the capstan at a rate of about 
250ft a minute for two minutes and this lowering 
process was repeated many times. It was a severe 
test for the cable as the diameters of both capstan 
and pulleys were smaller than that normally 
recommended for this size of cable, and the 
rubbing of the hemp finish on the capstan tested 
the durability of the cable. 

Underwater exploration was carried out at 
various depths between about 150ft to 250ft, the 
camera being lowered at the rate mentioned 
above. At all depths the cable resisted any 
twisting action and allowed the camera to remain 
in a fixed position indefinitely. Whilst some wear 
was noticeable after three days of trials it was not 


Underwater television camera suspended by combined 
lifting rope and cable with special coupler 


Oct. 7, 1955 


considered unsatisfactory as the woven hemp 
finish had no protective covering. The cile 
supported the weight of the camera (approxi- 
mately 24 cwt) for long intervals above ‘he 
surface of the water without showing signs of 
stretching and, whilst the woven hemp finish 
tightened up on the P.V.C. sheath when in the 
water, no damage to the sheath occurred. Addi- 
tional tests included lifting the camera 20ft in -he 
air and allowing it to drop near the surface of ‘he 
water, the whole strain being taken by the cabile, 
No electrical failures occurred in the cable nor 
did the textile finish show signs of stretching or 
fracture. At one time the camera was towed 
100ft to 200ft behind the boat at about 12 knots 
without damage. 





Improved Jig Borer 


AT a series of demonstrations of jig boring 
now being given at the Birmingham Exchange 
and Engineering Centre by Newall Group Sales 
Ltd., Peterborough, attention is drawn to the 
modifications and improvements now _ incor- 
porated in the Newall ‘“‘ 2436” machine to 
increase its speed and repetitive accuracy. This 
machine was first introduced in 1952 and it 
incorporates the maker’s familiar roller system 
of table location.. Its table with a working 
surface of 24in by 36in has a longitudinal traverse 
of 24in and a cross traverse of 18in. The quill 
head has a vertical adjustment of 14in on the 
column of the machine and the quill has a vertical 


New feed box fitted on a Newall ‘‘ 2436’ jig borer 


feed of 9in in the head. The maximum setting 
distance between the spindle nose and the table is 
32in. 

The spindle is mounted in S.K.F. double-row 
cylindrical roller bearings and is driven through 
vee belts and a three-speed gearbox by a step- 
lessly variable-speed d.c. motor. Spindle speeds 
from 40 to 2500 r.p.m. are available, and through 
a four-speed gearbox four feeds of 0-002in, 
0-004in, 0-006in, or 0-008in are given per 
revolution of the spindle. i 

The principal modifications to the original 
design have been incorporated in the quill and 
spindle assembly to give increased spindle 
rigidity and running accuracy, higher spindle 
speeds and an increased range of feeds. The 
improved quill head can be seen in the accom- 
panying illustration. The main diameter of the 
quill has been increased to 44in to permit the use 
of a sturdier spindle. A built-in depth measuring 
attachment of improved design is fitted, and the 
full length of quill travel over 9in is effected by 
less than one revolution of the large coarse feed 
dial at the side of the head. A large diameter 
fine feed dial on the front of the head gives a feed 
movement of 0-10in per revolution. A feed 
selector with rates engraved on flats is* situated 
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in a convenient position just below the fine feed 
whee! and it can be set to give the four spindle 
feed rates both up. and down. A single lever 
used for clamping the feed box on the column 
ways is interlocked with the push button controls 
of the elevating motor. A main control lever 
above the push button station is used to select 
fine and coarse hand feeds and the up and down 
power feeds. 





Heated Tipper for Asphalt Carriage 


AN asphalt carrier with provision for keeping 
the load hot has been developed by J. H. 
Sparshatt and Sons (Southampton), Ltd., The 
Causeway, Redbridge, Southampton, on the 
chassis of a 


full-forward-control Leyland 


z 


The catwalks along the sides and end of the body of this tipper are hinged. 
Catwalks, body sides, tail-board and blanket are insulated with glass fibre 


“Comet.’’ The tipping body is of all-welded 
steel construction, the vertical panels having 
approximately 2in of glass fibre between two 
skins. The floor also is of two thicknesses and 
in it there are two heater units, each 8ft by 2ft, 
accepting engine exhaust gas through a change- 
over valve and exhausting about 2ft from the 
rear of the body. The heaters serve to stiffen 
the flooring ; the frame members supporting 
the body are covered with asbestos. A flexible 
hose is used to connect the body to the exhaust 
system. 

The load is covered by a double-skinned canvas 
blanket, insulated with glass fibre, which is 
supported by four tubular cross members, the 
rearmost being placed over the tailboard lugs. 
The vehicle illustrated has, since the photograph 
was taken, had the handling loops and the 
supporting frame on which they are hung 
removed to lessen the headroom required under 
the loading hopper. The 12in catwalks round 
the body are hinged to flap back and hang along 
the body sides and front while it is being loaded. 

Experience with a vehicle in the service of 
Neuchatel Asphalte Company, Ltd., has shown 
that 5 tons of asphalt can be maintained at 
a temperature of 350 deg. Fah. for a journey 
from London to Birmingham on a cool,: rainy 
day. In no instance has asphalt been spoilt 
by overheating in transit, nor has any loss 
of performance due to back pressure in the 
exhaust manifold been reported. An advan- 
tageous application of the vehicle has been found 
to be the patching of roads ; in an’ unheated 
tipper a large mass of asphalt must be loaded, in 
order to. prevent it cooling before use, even if 
very little is to be used, but the heated carrier 
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need only carry the amount actually required. 
These tippers are available with 4, 5 or 6 cubic 
yard capacities, and are not liable to purchase tax. 


Flexible Couplings 

PARTICULARS have been received from Crofts 
(Engineers), Ltd., Bradford, of three improved 
designs of flexible couplings the firm is now 
making. One of these couplings, known as the 
“block ’”’ type and suitable for drives up to 
1750 h.p. at 100 r.p.m., transmits the drive 
through large blocks of precompressed rubber. 
The rubber absorbs shock loads and damps out 
fluctuating torques or oscillations as well as 
allowing a coupling to accommodate angular or 
lateral misalignment without imposing undue 
bending stresses on the driving and driven shafts. 
The resilient member of the bearing is embodied 
in a self-contained unit 
which can be removed 
from the coupling flanges 
without -need for dis- 
mantling the flanges or 





bearings. 
The new “Uniflex”’ 
coupling, illustrated 


beiow, is of all-metal construction and is made in 
eleven sizes suitable for drives up to 450 h.p. at 
100 r.p.m. In this coupling the power is trans- 
mitted through metal membranes designed to 
withstand a wide degree of flexing. It consists 
essentially of driven and driving flanges which 
are fitted with driving pins, and two pairs of 
clamp plates for the flexible membranes. The 
driving pins on each flange extend right through 
the membrane and plate assemblies into free 
holes in the opposing half coupling. These pins 
ensure that, should the membranes fail as a 





All-welded coupling in which the power is transmitted 
through flexible membranes 
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result of undue shock loading, transmission of the 
drive will continue. The membranes and plates 
form a single unit which can be removed without 
disturbing the remainder of the drive. 

The third coupling is a redesigned and improved 
form of the firm’s internal gear coupling. In the 
new simplified construction flanges, bolts and 
nuts have been dispensed with and the size and 
weight have been reduced. This coupling is 
available in a series of standard and maximum 
angular misalignment types with load capacities 
ranging from 3 h.p. to 800 h.p. at 100 r.p.m. 





Battery-Trolley Mining Locomotives 


WE illustrate below one of two battery-trolley 
design mining locomotives built by the Clayton 
Equipment Company, Ltd., of Hatton, Derby, for 
use in a gold mine in Tanganyika. The loco- 
motives, built for 24in track, have a service 
weight of 6 tons, a maximum drawbar pull of 
3000 lb at the one-hour rate and an average 


. speed, under normal haulage conditions, of 


6 m.p.h. 
They are equipped with ‘“ Exide-Ironclad ”’ 
batteries with a capacity of 210Ah at five-hour 





7-ton combined battery-trolley mining locomotive for use in a gold 


in Tanganyika 


rating. These batteries are recharged from the 
trolley wire and they are mounted in ventilated 
weatherproof containers fitted with rollers for 
sideways removal. The fabricated steel loco- 
motive frame is rigidly braced and cut away 
to accommodate the axle boxes, which slide on 
hardened steel renewable strips, and. are sup- 
ported by helical springs. The axles are carried 
on roller and ball bearings to provide for both 
radial and axial loads. Each axle is driven 
by an independent motor through a single 
reduction spur gear enclosed in a sheet steel casing 
forming an oil bath. 

The nose-suspended 250V totally enclosed 
series wound traction motors have a one-hour 
rating of 30 h.p. and they are designed to work 
under tropical conditions at an altitude of 
3500ft above sea level. The totally enclosed 
hand-operated controller provides four series, 
four parallel and six rheostatic braking notches. 
A separate interlocked reversing drum is actuated 
by a removable key which can also be used to cut 
out one or other of the motors. 

A single-pole, totally-enclosed traction circuit 
breaker with a magnetic blowout is fitted and 
there is an enclosed beam headlamp at each end 
of the locomotive with a change-over switch in 
the driver's compartment. Cast iron shoe 
brakes on all four wheels are operated by a wheel 
in the driver’s compartment through a system of 
levers with a balancing crosshead. Four sand 
boxes are operated by a selector lever to san@ the 
leading wheels, according to the directién of 
travel. Two single-trolley current colléctors 
fitted with carbon insert shoes are mounted one 
at each side of the locomotive, to engage with 
overhead wires 6ft to 9ft above rail level. 
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Industrial Electrodeposition at a 
Huddersfield Works 


LD pry ened September the Huddersfield works 
of Fescol Ltd. were transferred from Cable 
Street to a newly built factory in Leeds Road. 
The opening by the Mayor of Huddersfield was 
referred to in the Seven Day Journal of our issue 
of September 23rd, together with a brief descrip- 
tion of the premises and plant. Figs. 1 and 2 are 
views of the new building, the latter showing the 
up-to-date construction and general layout, with 
the chromium deposition tanks on the left, the 
nickel deposition tanks in the background, and 


deposit to be applied to only part of a rubbing 
surface, and in the event of a deposit becoming 
broken by wear or machining operations the 
edge will not lift. Except in cases where they are 
made only for protective purposes it is usual for 
deposits to require machining ; nickel deposits 
can be turned, milled, drilled, &c., and be ground 
to give perfectly smooth surfaces, whereas on 
account of their hardness, chromium deposits can 
only be finished by grinding. Apart from con- 
siderations of costs, there is no limit to the thick- 


Fig. 1—Springbank Works, Huddersfield, frontage to Leeds Road 


the central area containing enclosures for control, 
inspection, stores, &c. 

The chief engineering applications of electro- 
deposition employ the metals nickel and 
chromium, either singly or in combination, and, 
by methods which vary according to the metal 
to be treated, a deposit is obtained which becomes 
an integral part of the basis metal. Tests of the 
adhesion of electrodeposits have shown that 
attempts to separate the deposit will not result 
in a rupture at the junction, but the weaker of the 
two metals will break down. This enables a 


ness of a nickel deposit, but with chromium the 
deposit is usually restricted to about 0-010in and 
if heavier deposits are necessary it is more usual 
to make an initial deposit of nickel. Both nickel 
and chromium are applied to give protection 
against wear and corrosion, the selection of the 
better material being influenced by consideration 
of its characteristics as against the prevailing 
working temperature, abrasive conditions and 
other factors. A well-known example is the 
hydraulic ram, where, while standing idle under 
normal conditions, the ram develops a film of 


Fig. 2—Chromium and nickel deposition tanks and (centre) stores inspection 
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Fig. 3—Worn rotor shaft being built up by heavy 
nickel plating 


rust which is wiped off at the packing when re- 
starting, this accumulating debris of corrosion 
abrading the ram and destroying the packing. 
A metal deposit prevents the initial corrosion and 
enables both ram and packing to operate with a 
minimum of maintenance. Another example is 
the deposition of chromium on tools and gauges 
to combat corrosion, handling and wear, the 
usual practice being to deposit approximately 
0-000Sin thickness and to use the tool with no 
further preparation than a light polish. The 
resulting life is increased up to thirty times, and 
when wear occurs the chromium can easily be 
renewed, giving an indefinite life to the tool. 

Electrodeposits can be restricted to specific 
areas by masking the work with wax, the method 
being to apply a protective paint to the area 
where the deposit is required and dip the 
work into hot wax, the latter being easily removed 
from the painted area after cooling. After the 
metal deposit is completed the remaining wax is 
removed by immersion in hot water. Fig. 3 
shows a worn rotor shaft under preparation for a 
deposit of nickel, with the protective wax coating. 
Electrodeposition has many uses in the salvage 
of worn parts of machinery, and also the reclama- 
tion of parts which have become spoiled through 
faulty machining. Internal deposits are possible 
with both nickel and chromium, an internal 
anode being necessary, except in cases where the 
diameter of the bore greatly exceeds its length. 
For very small bores it is usual to deposit 
chromium instead of nickel, the reason for this 
being that the anode for nickel is soluble while 
that for chromium is insoluble (a lead anode 
being employed). Processes now enable electro- 
depositions to be applied to aluminium and 
the light alloys as well as most other metals: 
cast aluminium cylinders for air-cooled two- 
stroke engines have been given a deposit of 
chromium, approximately 0-010in thick. 

The factory was designed by Abbey and 
Hanson, chartered architects, Huddersfield. 





Tests OF RUBBERISED ASPHALT AND TAR ROAD 
SurFaces.—The Road Research Laboratory, with 
its own asphalt plant and mobile laboratory, has, for 
the past three weeks, been laying a series of test 
strips of rubberised asphalt and rubberised dense 
tar surfacing, with attendant control sections, on the 
Great North Road, a few miles north of Norman 
Cross. Four kinds of rubber additive are being used 
and two different methods employed for incorporating 
it in the asphalt and tar. A wide range of binder 
contents is being used for each type of surfacing so 
that these trials will yield the fullest information. 
Rubberised bituminous macadam surfacings have 
already been laid on the adjacent Norman Cress- 
Peterborough Road. 
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European Steel Pipe and Tube Industry 


During the year 1954 consumption of 
crude steel by the European pipe and tube 
industry (excluding U.S.S.R. and Eastern Europe) 
amounted to 10 per cent of world output, com- 
pared with less than 8 per cent during the years 
1936-38. This is one of the findings reached by 
the E.C.E. Secretariat in its recent report on the 
industry,* which anticipates an increase in tube 
requirements for home consumption and export 
from 3-7 million tons to some 5-1 million tons 
per annum between 1954 and 1960, a figure 
which, it is stated, may well be substantially 
exceeded. About one-quarter of the tube con- 
sumption in Western Europe is for oil and gas 
(of which two-thirds are exported). This is in 
strong contrast to the U.S.A., where about half 
the tubes consumed are for oil and gas, and about 
10 per cent of the tubes produced for oil and gas 
are exported. Between 1938 and 1953, prices 
for finished tubes have in most major producing 
countries increased less than wages and the price 
for tube rounds and skelp (flat strip for making 
tubes). It is probable that this has been due to 
improvements in efficiency, but it is not possible 
to say how far the high degree of concentration 
of the industry has affected prices before and 
since the war. 

It is pointed out that one of the major pre- 
conditions for a reduction in price would be a 
standardisation upon fewer sizes and wall thick- 
nesses, especially since modern production 
methods demand a high layout of capital. A de- 
crease in the number of sizes now demanded would 
also permit the reduction of stocks. Plastic and 
asbestos cement tubing represents a small but 
rapidly increasing factor, and many makers 
are laying down plastic tube capacity. From 
what is known at present, however, it would 
appear that steel will be able to hold its own in 
this field, especially for sizes above 2in diameter. 

The two main exporting centres in the world 
are Western Europe and the U.S.A. Western 
Europe’s net exports between 1936-1938 were 
six times as large as the American figure, a 
proportion which, after the war, fell to three to 
one, although actual exports were more than 
double the quantity for the period 1936 to 1938. 
About three-fifths of total world tube exports 
between 1951 and 1953 went to oil-producing 
countries. 

One of the four major tube-consuming sectors 
is the oil industry, which, during the last few 
years, has been expanding at a compound annual 
rate of somewhat less than 6 per cent. This 
trend, according to E.C.E., may be expected to 
continue at about 5 per cent. Experience suggests 
that a definite pattern of consumption exists 
in the form of a high initial demand when a new 
oilfield is discovered, which, after declining as 
production rises, increases again as the drilling 
goes deeper and strikes become rarer. 

Demand would appear to depend on two main 
trends, viz. the increase in Middle East and 
Far East production, which has a .low tube 
consumption per unit of oil, and the extension 
of oil production in other areas to less economic 
fields, requiring a higher proportion of tubing. 
No great increase is expected in the near future 
for use on pipelines and in refineries. 

Another large consumer is the gas industry. 
Gas consumption, it is stated, should increase at 
least in proportion to the total growth of energy 
requirements, especially if economic methods for 
the gasification of coal are developed and more 
natural gas is produced. The rapid expansion 
of natural gas production during the past few 
years, especially in Italy, and increased require- 
ments for gas may well bring about new con- 
struction of gas pipelines and large-scale dis- 
tribution grids. 

As living standards become higher, tube con- 
sumption for water distribution is likely to 
increase, both in Western Europe, where the 
industrial use of water has not yet reached the 
percentage which exists in the U.S.A., and in 
underdeveloped countries as a result of all pro- 
grammes for economic expansion. The demand 
for tubes for irrigation purposes is also thought 
likely to increase. 

Consumption by the construction industries 


* <7 Steel Pipe and Tube Industry,” E.C.E., 
ice 48.6d. 
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depends on the level of construction and the 
amenities provided, particularly in houses, and 
also on the degree to which tubular forms of 
construction are used in substitution for others. 
As for housing amenities, there are still ample 
opportunities for improvement as more houses 
become equipped with such things as running 
water, main drainage, baths, central heating, 
gas and electricity. The high rate of construction 
in Europe, and the increasing use of structural 
steel tubing, would appear to assure a continuing 
high demand for steel pipes and tubes. 


German Engineering Industry in 1955 

With 707,000 persons employed and 
an expected turnover this year of DM.1300 million 
to 1400 million, the West German engineering 
industry constituted the largest single sector of 
the whole of industry, according to press reports 
of the recent biennial meeting in Hamburg of 
V.D.M.A. (Verein Deutscher Maschinenbau 
Anstalten). During the first six months of 1955, 
DM.2250 million worth of tachinery was 
exported, or one-third of the total production. 
This, it is stated, constituted about 19 per cent 
of the whole of world exports, compared with 
30 per cent before the war. There was a strong 
demand for capital goods owing to the growth 
of industries in underdeveloped countries, and 
the efforts to increase productivity in the indus- 
trial countries. Nevertheless, production of 
such goods, both in Europe and America, had 
increased faster than the demand, so that one 
could not speak of a boom, apart from such 
fields as the machine tool industry. With 
increasing competition from abroad and the 
growing demand by the importing countries 
for long-term credits, German industry found 
itself at a disadvantage in relation, for instance, 
to the U.S.A., when export credit facilities were 
twenty times those available to German firms. 
Efforts to prevent the further extension of the 
system of export credits had so far remained 
without success, and V.D.M.A. was therefore 
pressing for an increase of federal export credits 
from DM.5000 million to DM.7500 million, 
since the present facilities were already exhausted. 


Dechema Exchange of Information 


Problems of a scientific or technological 
nature frequently arise for the chemist and 
chemical engineer which appear to be such as to 
make it probable that the experience of others 
would be of assistance in finding the best possible 
solution. With the inception of its exchange 
service for technical information, Dechema 
Deutsche Gesellschaft fiir Chemisches Apparate- 
wesen has created a forum for the discussion of 
such questions. In this matter Dechema co- 
operates with the D.S.I.R., which has instituted 
a similar service in the United Kingdom. 
Questions and discussions are published in 
Dechema Erfahrungsaustausch Auf Dem Gebiet 
Des Chemischen Apparatewesens. The current 
issue* contains data about cladding material 
for floors, walls, tables, and ducts in chemical 
laboratories, information regarding steam in- 
jectors, leak tests for ampoules, the advantages 
and disadvantages of X-ray and gamma-ray 
testing, corrosion of nitrided steels, electrostatic 
phenomena with powdered P.V.C., scale in 
evaporators, and other problems. An index at 
the end gives the full contents of previous issues 
in the form of a subject index for ease of future 
reference. 


Automatic Braking System for Trailers 


An automatic hydraulic braking system 
for trailers of 3 to 16 tons laden weight was 
among new products introduced at the Frankfurt/ 
Main International Automobile Exhibition, 
which closed on October 2nd. Developed by 
Alfred Teves, K.G., Gustavsburgstrasse 31, 
Frankfurt/Main, the equipment is mounted on 
the trailer pull bar and connected to the existing 
brake cylinders at each wheel. It is stated to 
work independently of the motor lorry, with the 
advantage that the trailer can be used without 
difficulty with any one of a fleet of lorries, as is 
often required in practice. By automatically 
adjusting the braking effect to the trailer load 





* Ejinzelfragen Dechema_ Erfahrungsaustausch, 8, Folge, 
Frankfurt/Main : Dechema Deutsche Gesellschaft fiir Chemisches 
Apparatewesen, Frankfurt, W.13, P.O. 8. Price DM. 12-80, by 
post DM. 13-80. 


525 





and the deceleration of the iorry, the automatic 
brake prevents the transmission of braking forces 
to the lorry and adapts the braking to the pre- 
vailing road and traffic conditions. Built as a 
unit, it combines the functions of foot brake, 
parking and shunting brake, safety brake in case 
of break-away and for hill climbs, and auto- 
matically releasing non-reversing lock. The 
system consists of an accurnulator, which is kept 
under pressure by the drawbar pull. Adjustment 
of the braking is brought about by a servo- 
mechanism operated by the drawbar. The brake 
can also be independently applied or regulated 
by means of a hand lever. 


Transport in Winter 

The second international congress on 
“ Transportation in Winter ”’ will be held from 
January 10 to 13, 1956, at Sestriere. Its theme 
is to be “‘ Snow and Fog in Land and Air Traffic,” 
and besides the theoretical part there will be 
practical demonstrations of machines and air- 
craft near Sestriere and at Caselle aerodrome. 
Organiser of the congress is the Associazione 
Tecnica Automobile (A.T.A.) of Turin, from 
whom further details may be obtained. 





African Engineering News 
BY OUR SOUTH AFRICAN CORRESPONDENT 


Helicopter Landing Ground at Johannesburg 
Station 
When the new £6,000,000 Johannesburg 
station is completed it will rank amongst the most 
modern in the world and will have the latest 
equipment for handling trains and baggage and, 
it is claimed, will be the “‘ last word ’*in facilities 
for passengers. A helicopter landing ground is 
one of the improvements planned which will 
make this the first station in Africa to provide 
for this means of transit. At present about 
500 trains and 120,000 people use the station 
daily and these figures are constantly increasing. 
The new station has been planned, however, to 
meet all increases in traffic for the next thirty to 
fifty years. The transformation of the old station 
into the new was divided into four stages of which 
the third is now nearing completion. In the 
first stage new platforms and facilities were 
erected on the northern side of the station and 
then put into use. In the second stage the old 
platforms were ripped up and replaced by newer 
ones at a lower level. In the third stage, work has 
been concentrated on completing the suburban 
portion of the station. In the fourth stage the 
main line portion and special facilities for pas- 
sengers will be completed. The station will then 
have seventeen platforms and will be divided into 
two separate sections. All the facilities to the 
north will be for the use of main line passengers 
and to the south for suburban passengers. The 
Station has already been equipped with up-to- 
date signalling devices. Underneath the platforms 
there are 2} miles of tunnels for the conveyance 
of baggage and mail. All the main line plat- 
forms will be connected with the General Post 
Office by a transporter belt running through the 
tunnels. _As the platforms lie below ground 
level, escalators are being fitted and will carry 
passengers up to street level only. Passengers 
proceeding downwards to the platforms will use 
ordinary stairs. Over the platforms a con- 
crete slab 1000ft long and 300ft wide is being 
constructed. On this slab, buildings will be 
erected containing waiting rooms, dining rooms 
and other amenities for passengers. 


New Gasket Factory 


Cylinder head gaskets will be made in 
South Afiica for the first time when a new 
£90,000 factory in Port Elizabeth is in full 
operation. The factory, which is being built at 
Deal Party Estate, will turn out many kinds of 
gaskets as well as cork heels, wedges and plat- 
forms for the footwear industry. The output is 
expected to be 300,000 gaskets and 30,000 foot- 
wear items per month. Various accessories for 
the mining, electrical and engineering industries 
will also be made. The factory, which will 
provide work for about 150 employees, is being 
built on a 3-acre site. 
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Industrial and Labour Notes 


Economic Affairs 


In a speech at the Lord Mayor’s banquet to 
the bankers and merchants of the City of London, 
which was held at the Mansion House on Tuesday 
evening, the Chancellor of the Exchequer, Mr. 
R. A. Butler, reviewed the nation’s economic 
situation. He said that the sum of the Govern- 
ment’s proposals in the field of expenditure and 
any other measures which were necessary to 
correct the situation must be laid before Parlia- 
ment when it met. The Government must do its 
duty in bringing forward whatever compre- 
hensive remedies the situation demanded. 


Before making that statement, the Chancellor 
referred to the surge forward in investment, 
commenting that house and factory building 
had been climbing steadily, and that the output 
of plant, machinery and vehicles was markedly 
greater. Indeed, the Chancellor continued, so 
successful had we been that the rate at which 
development was proceeding, taken together 
with all that people were spending, was resulting 
in a shortage of labour and materials and hence 
an overloading of the economy. 

Mr. Butler then went on to comment on the 
fact that the index of weekly wage rates, after 
having risen by five points between December 
and March, rose by another three points between 
March and June and had since risen again by 
another point. Moreover, there were new wage 
claims to be faced, and there had been marked 
increases in dividend distribution. Imports, the 
Chancellor added, had risen steeply though there 
was reason to believe that they might be brought 
under conttol. In particular, he observed, the 
country had had to spend this year, to date, 
£47,000,000 on coal imports, compared with 
only £6,000,000 a year ago. Every ton of coal 
which was wasted or which we failed to dig 
reduced our reserves of gold and dollars by about 
£7. On the other hand, the Chancellor remarked, 
the country’s exports as a whole had certainly 
increased, though it was difficult to follow the 
trend exactly because of the dislocation caused 
by the strikes earlier this year. It looked, how- 
ever, as though a 10 per cent increase over 1954 
would be achieved in the volume of our exports. 
Exports to America seemed likely to be better 
than for some time past. The record was good, 
Mr. Butler said, but much more effort was 
needed and new markets must be invaded. 


Average Earnings and Hours 


In these notes in our issue of September 9th, 
reference was made to the results of a survey by 
the Ministry of Labour of the average weekly 
earnings of manual workers in the United 
Kingdom in the last pay week of April. The 
Ministry has now published more detailed 
findings resulting from its investigation. 

The survey covered the manufacturing indus- 
tries and the principal non-manufacturing indus- 
tries of the country, and about 65,200 establish- 
ments provided information relating to approxi- 
mately 7,000,000 workpeople. In all industries 
the average earnings in the last pay week of 
April were: men, £10 17s. 5d.; youths and 
boys, £4 10s. 11d.; women, £5 12s. 5d.; and 
girls, £3 tls. 6d. In the manufacturing industries 
only the average earnings were : men, £11 4s. 7d.; 
youths and boys, £4 8s. 5d.; women, £5 12s. 11d., 
and girls, £3 11s. 10d. In the manufacturing 
group classified as ‘‘ engineering, shipbuilding 
and electrical goods,”’ the average earnings in 
the last week of April were : men, £11 11s. 11d.; 
youths and boys, £4 8s. 3d.; women, £6 3s. 10d., 
and girls, £3 16s. 8d. Taking all the industries 
included in the survey, the Ministry says, the 
percentage increases since October, 1938, in 
average weekly earnings were: men, 215 per 
cent ; youths and boys, 249 per cent ; women, 
246 per cent, and girls, 287 per cent. 

The average hours worked in the last week in 
April in the industries included in the survey 
were: men, 48:9; youths and boys, 45; 
women, 41:9, and girls, 42:7. The average 
hours worked in the engineering, shipbuilding 


and electrical goods industries were: men, 
49-3; youths and boys, 44-6; women, 42:6, 
and girls, 42:7. The average weekly hours 
worked in October, 1938, in all the industries 
examined were : men, 47:7 ; youths and boys, 
46:2 ; women, 43-5, and girls, 44-6. 


Changes in Wage Rates 

The Ministry of Labour has stated that changes 
in wage rates which were reported as becoming 
effective in August resulted in an aggregate 
increase of £201,000 in the weekly full-time 
wages of about 658,000 workpeople. Among 
those who received wage increases were workers 
in the iron and steel industry, workers in the 
manipulative grades of the Post Office, and non- 
skilled works paid on miscellaneous “ M ”’ rates 
in several Government industrial establishments. 

In the iron and steel industry the wage increases 
were payable under sliding-scale arrangements 
based on the index of retail prices. Among the 
manipulative grades in the Post Offices there 
were increases ranging from 4s. 6d. to 10s. 6d. a 
week, according to age, occupation and area of 
employment ; these increases were retrospective 
to the beginning of July. Non-skilled workers in 
many Government industrial establishments 
received increases in the minimum wage rates 
of 6s. a week for men and 5s. for women, and 
rag also were retrospective to the beginning of 

uly. 

The Ministry’s statistics show that in the first 
eight months of this year changes in wage rates 
led to an aggregate increase of £4,432,500 in the 
weekly full-time wages of about 11,056,000 work- 
people. In the comparable period of 1954 there 
was a net increase of £2,598,000 in the weekly 
full-time wages of 8,268,000 workpeople. The 
changes in wage rates in August did not affect 
the index of rates of wages (June 30, 1947= 100). 
It remained at 153 for all workers. At the 
beginning of this year the index stood at 144 for 
all workers, and at the end of August last year it 
was 143. 


Wages and Prices 


The president of the London Chamber of 
Commerce, Sir Edward Chadwyck-Healey, Bt., 
has stated this week, in a letter to The Times, that 
the Chamber constantly hears of the growing 
distaste on the part of overseas customers for 
quotations at “prices ruling at the time of 
delivery.”” This post-war British habit, Sir 
Edward comments, may soon cease to secure 
orders, and meanwhile is undoubtedly losing us 
goodwill. 

The letter goes on to say that the greatest 
uncertainty regarding future costs of production 
is caused by the level of wages. If, Sir Edward 
observes, the products of our nationally owned 
coal mines, gas, electricity, and railways could be 
stabilised for a twelve-month, member firms 
of the leading federations and chambers of 
commerce might well pledge themselves to 
“quote firm’’ during that period. This, the 
letter suggests, would not only encourage trade, 
but it would discourage manufacturers from too 
ready acquiescence in the wage demands made 
upon them. In fact, the letter concludes, “* the 
buck would no longer be passed so glibly to the 
consumer.” 


Industrial Disputes 


According to the Ministry of Labour Gazette, 
there were 224 stoppages of work, through 
industrial disputes in the United Kingdom, which 
began in August. There were also eight stop- 
pages which had begun before August and were 
still in progress in the early days of the month. 
In these 232 stoppages, 31,300 workeis were 
involved directly and indirectly in August and 
there was an aggregate loss of 78,000 working 
days. In August last year there were 148 
stoppages of work through disputes; they 
involved 23,100 workpeople and caused a loss 
of 67,000 working days. In the first eight com- 
pleted months of this year there were 1529 
stoppages of work reported, involving 485,600 


workpeople and causing a loss of 2,974.00 
working days. In the comparable period of 
1954 the number of stoppages reported was 
1283. They caused a loss of 839,000 working 
days by the 242,300 workers involved in ther). 


Research into ‘‘ Automation ”’ 


The Production Engineering Research Assovia- 
tion says that its technical committee on avto- 
mation decided at a recent meeting thai a 
programme of three researches should be uncer- 
taken. The first of these, to which priority will 
be given, concerns handling equipment. The 
aim is to carry out an operational research into 
applications of handling equipment used with 
conventional and special machine tools and 
presses to reduce or eliminate manually con- 
trolled operations. 

In some general comments on the subject of 
automation, P.E.R.A. has said that, since the 
primary function of automation is the substitu- 
tion of automatic control for manual control, it 
is inevitable that the number of productive 
operatives will be decreased. But it is pointed 
out that there will also be an increase in the 
number of personnel required for maintenance 
and other functions whose job will be to keep the 
automatic machinery and devices working at 
maximum efficiency. Questions concerning re- 
dundancy and redeployment of labour, the 
Association’s memorandum adds, are recognised 
to be important factors, and serious attention is 
being given to them in the U.S.A. and also in 
this country at Birmingham University, Cam- 
bridge University and elsewhere. 


Northern Ireland Development Council 


Some months ago there were discussions 
between representatives of the United Kingdom 
Government and the Government of Northern 
Ireland which led to a decision to set up a 
Development Council for Northern Ireland. The 
council is now being formed and, last week, the 
Northern Ireland Prime Minister, Lord Brooke- 
borough, announced that Viscount Chandos had 
agreed to serve as chairman. Lord Brooke- 
borough went on to say that the task of the 
Development Council would be to promote new 
industries and to help in reducing unemploy- 
ment in Northern Ireland. Its terms of reference, 
Lord Brookeborough added, were deliberately 
drawn in wide terms and the council would not 
be circumscribed in its work. Its membership 
would comprise, in addition to the chairman, 
representatives from Northern Ireland and from 
Great Britain. 


Training for Industry 


At a conference organised by the British 
Association for Commercial and Industrial 
Education, last Saturday, Sir Frederick Handley 
Page spoke about the “ inadequate and inappro- 
priate’ preparation of recruits to industry. 
There were great opportunities, he said, for a far 
more rewarding and interesting kind of education 
providing a sound general training with a tech- 
nical bias. 

Sir Frederick went on to say that training for 
management was turning more and more to the 
importance of training foremen and charge- 
hands as well as the training of managers. The 
City and Guilds of London Institute had devoted 
considerable time and thought to this problem, 
and foremanship studies were being added at 
the craftsmen and technician level to the Insti- 
tute’s syllabus. Sir Frederick urged that more 
attention should be paid to the university man of 
“ middling ability,’ who ought to be able to 
obtain from his university and from industrial 
training schemes not only knowledge but a 
maturity of judgment consistent with his ability, 
which would be very valuable at the level at 
which he would be employed. In the training of 
candidates for higher management, technological 
and engineering posts, Sir Frederick commented, 
greater emphasis should be placed on scientific 
work and its application to practical development. 
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Lifting Slab Method of Structural 
Erection 


BY OUR AMERICAN EDITOR 


Since its initial application in 1950, the Youtz-Slick “Lift Slab ”’ method of 
structural erection has become widely accepted among civil engineers in the United 
States and Canada, and lifting 300-ton slabs of concrete through a height of 30fi 
is now a common occurrence. The slabs are designed by a moment distribution 
method and the columns by conventional formula, bearing in mind that the column 
is a cantilevered beam until the lifted slab has been fastened to the column top. 
This article reviews the method of construction and describes a recent application. 


NE of the largest buildings to be erected in 

the United States by the so-called “ Lift 
Slab’? method is expected to be ready for 
occupancy next month. This is an office building 
for the Ford Motor Company at the company’s 
River Rouge works in Dearborn, Michigan. 
The structure has three storeys with a total floor 
area of approximately 370,000 square feet and 
when fully occupied is expected to house 2500 
people. It will be completely air conditioned. 


BUILDING DESIGN 


This structure well illustrates the various 
advantages to be obtained: in employing the 
“Lift Slab’? method of erecting reinforced 
concrete buildings. The floor and roof slabs are 
designed as for flat slab construction, reinforced 
in two directions, except that there is no flaring 
or enlargement of the column head. Instead, 
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there is a steel casting called a lifting collar, 
which is designed to take the shearing stresses 
between the column and the slab. The columns 
usually are of solid or fabricated steel con- 
struction. They may be round heavy steel tube, 
wide-flange beam sections, or may be built of 
stitch-welded angles or angle and plate box 
columns. The round or square columns some- 
times are concrete-filled. Occasionally the 
columns are of reinforced concrete or pre- 
stressed concrete. The columns are designed 
as free-standing cantilevers, with extra large 
bearing plates and extra large connections bolted 
to the footings. The top of the footings and the 
bearing plates are kept lower than is customary 
on concrete buildings poured in situ. In the case 
of the Ford office building the columns are wide- 
flange beam sections, spaced from 22ft 6in to 
30ft 8in on centre. 

In the design of a building to be erected by 
the “ Lift Slab’ method it is customary to con- 
struct the steel columns so that they project at 
least lin above the top of the final position of the 
roof slab so as to leave room to mount the 
lifting jacks. When the jacks are removed this 
extra inch is burned off before the roofing is 


placed. In the case of the Ford building all the 
steel columns were fireproofed with metal lath, 
with lin of ‘ Perlite’? plaster and with steel 
corner beads, However, the underside of the 
lifting collars, an area outside the finished 
dimension of the column, perhaps 6in wide all 
around, was not fireproofed. It is, however, 
possible on “ Lift Slab ’’ schemes to cover this 
collar by recessing it for lin, so that the exposed 
steel surface can be fireproofed with ‘* Vermicu- 
lite’ or similar material. While not customary 
on “Lift Slab” projects in general, on this 
building it was agreed to take the pre- 
caution of using temporary I beams to brace the 
tops of all columns before the roof slab was 
lifted. These I beam braces were placed just 
below the jacks and just above the roof slab. 
They were removed when the roof slab was 
securely in place and used again on each succeed- 
ing section of the building. 

It is usually desirable on buildings to be 
erected by the “ Lift Slab’’ method to take 
advantage of continuity in the slabs by having the 
exterior rows of columns set back, from the 
exterior building walls for about one-third of the 
span. In any event the exterior line of columns 
must be kept back from the edge of the slab by a 
minimum of 12in, so that the lifting collar plate 
will be encased in concrete. On the Ford office 
building the exterior columns are set back 4ft 
from the face of the building and 2ft at the ends. 
To be suitable for erection by the “ Lift Slab ”’ 
method, buildings should have the major 
openings through the floor slabs in the middle 
strips. This would be true on any flat slab 
design, because such openings should not 
interfere more than necessary with the column 
bands of reinforcing steel. On the Ford building 
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the designer placed the lift shaft, stair wells, and 
part of the mechanical risers in half a column 
bay and then framed this half bay with the usual 
beam and girders of concrete poured in situ, 
using conventional wooden moulds. 

It is of interest to compare the “* Lift Slab ” 
method and the conventional method of pouring 
slabs in situ from the point of view of safety. An 
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Detail of lifting collar and shear plate 
embedded in concrete slab 


accurate comparison can be drawn between the 
Ford building, containing 370,000 square feet of 
floor space, and another prominent American 
structure of comparable size being erected 
simultaneously by pouring in situ by the same 
general contractor. Over a ten-month period 
the “ Lift Slab’ project had a loss ratio (i.e., 
accident cost divided by insurance cost) of only 
8 per cent, while the “‘ conventional ’’ project had 
a loss ratio of 37 per cent when it had reached the 
same stage of completion. The frequency and 
severity of accidents have been considerably less 
on the “ Lift Slab ’’ project. 

In the early stages of construction the Ford 
building site somewhat resembled a forest of 
columns rising from what appeared to be a thick 
ground floor slab. This thick slab was in reality 
made up of a stack of four separate slabs. 
Between each one of the slabs there was a bond- 
breaking compound of emulsion, which kept the 
slabs from sticking together. The sequence of 
fabrication required that the ground floor slab 
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Hydraulic pumping unit, lifting jack mounted on top of column and control panel used in “‘ Lift 
Slab ”’ erection 
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Pouring of concrete slabs after erection of building columns 


be placed first and trowelled to a granolithic 
finish. This steel trowel finish served as the 
bottom mould for the next slab, and so en for 
succeeding slabs. Buildings erected by the 
“ Lift Slab ’’ method have gone as high as seven 
floor slabs with an additional roof slab. Since 
the top of each succeeding slab has the same care- 
fully trowelled finish, the underside of the slab 
poured on it is also smooth, so that no surface 
treatment is required on the ceilings. 

After the last slab in the stack had been poured 
and allowed to cure until it had reached about 
three-quarters of the specified strength, the lifting 
operation began. In the case of the Ford building 
the specified criterion was a 25001b per square inch 
test strength for a 3000 lb per square inch design 
strength. Each slab was lifted into position by 
hydraulic jacks fitted to the top of the columns. 
The roof slab was, of course, lifted first, followed 
by the slab for the top floor and then in order by 
those for the floors below. The illustration 
on page 527 shows the hydraulic pumping unit, a 
lifting jack mounted on top of a round column 
and the hydraulic control panel used in “ Lift 
Slab” erection. During lifting, the upper nuts 
on the jack remain stationary as the piston head 
moves upward. The synchronised lower nuts 
turn as the threaded lifting bars move up. At 
the end of the stroke a set of springs retract the 
piston head while the lower nuts hold the bars 
(and hence the slab below) in position. The 
upper nuts move down with the piston head. 
All nuts are operated by electric motors. Each 
jack weighs about 500 Ib, and the movement of all 
jacks within a group is synchronised by the 
control console shown. Because of the large 
floor area involved the floor was divided into 
sections, each containing about 4500 square feet 
and was lifted by a set of either ten or twelve 
jacks. This division into sections has been the 
customary procedure wherever the floor area is 
greater than can be conveniently lifted by a set 
of twelve jacks. New lifting equipment and 
techniques now facilitate twenty column lifts 
from a single console, or the operation of multiple 
consoles to make a single lift on up to thirty-six 
columns. 

Between adjacent sections of the floor a slot 
or channel about 3ft wide was left open. The 
slots were ultimately filled by the conventional 
method of putting up a mould with shores to 
support it and pouring the concrete in situ. 
These slots serve several purposes: (1) they 
permit the economical use of a set of jacks 
which are controlled by a standard “ console ”’ 
or control panel. By means of this console the 
rate of movement of each jack in a set is syn- 
chronised and controlled. (2) They give a 
certain amount of flexibility to the structural 
frame of the building so that, before the last 
welding is done and the slots filled, the building 
can be equipped with plumbing, as is customary 


on a structural steel building. (3) They permit 
the lapping of the steel reinforcement in the two- 
directional bands. (4) The slots also facilitate 
the continuity of conduits or pipes which have 
been buried in the floor slabs by allowing con- 
nections to be made either mechanically or by 
welding. (5) Any irregularities in the relative 
levels of the lifted sections can be remedied 
when the slots are poured. (6) The slots allow 
the stresses caused by deflection and shrinkage, 
to be dissipated without causing damage. 

One of the early problems in erecting “ Lift 
Slab” buildings was to secure inserts in an 
immovable position before the slabs were con- 
creted. In the conventional reinforced concrete 
building the inserts can be tacked to the wooden 
shuttering. The problem was satisfactorily 
solved at the River Rouge Works by welding 
the inserts to the reinforcing bars. This method 
has the added advantage of providing a positive 
connection, because the reinforcing bars are 
partly welded to the lifting collars and all 
reinforcing is securely tied in place. Openings 
through the slab for vertical pipe risers were 
boxed out in the same manner as on a conven- 
tionally poured concrete building. As is custo- 
mary in “Lift Slab” buildings, a sleeve was 
provided in the ground-floor slab long enough to 
rise through all the slabs. 

The designer of the Ford building had to 
familiarise himself with the sequence in which 
certain parts of the building would come into 
focus, conditions which applied also to the 
major sub-contractors. As on all “ Lift Slab” 
projects, co-ordination in the early stages of 
the project between the designer, the owner, 
the general contractor and the major sub- 
contractors was necessary to attain the principal 
asset of the method : high speed of erection. 


BUILDING CONSTRUCTION 


Once the columns had been erected and 
equipped with plumbing, each slab was prepared 
in the following sequence: (1) the lifting col- 
lars were “strung” on the columns; (2) the 
lower layer of reinforcement was placed in 
position ; (3) the sub-contractors laid the con- 
duit and pipes which had to be buried in the 
concrete and placed all inserts, welding the 
latter to the reinforcing; (4) the top mat of 
reinforcing was placed and the reinforcing bars 
in both bottom and top layers were welded to 
the steel lifting collars ; (5) the concrete was 
poured-in-situ using ‘‘ Pumpcrete ’’ equipment ; 
(6) the concrete was steel trowelled to a hard 
finish ; (7) as soon as this surface was reasonably 
well set up the first of the coats of bond-breaking 
compound was applied (on this job “* Techkote 
No. 400 Y-S”’ was used) ; (8) two days later, 
just before the next slab was poured, a second 
coat of bond-breaking compound was applied. 
Immediately after this final step the next cycle 
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of construction was started on the preparation 
of the first-floor slab, which was placed directly 
on top of the completed ground-floor slab, 
Steps 2 to 8, as listed above, were then repeated 
for each succeeding slab. 

As each slab was lifted into its approximate 
final position, a gang of welders connected the 
steel shear blocks to the columns. These shear 
blocks are about 4in by 8in by about lin to 
tin thick, depending on the stresses involved, 
When the first-pass welds were completed on 
all ten columns, in about 100 minutes, the floor 
or roof slab was lowered to final position with 
the lifting collars coming to rest on top of the 
shear blocks. Later, as time allowed, the 
second welding operation was completed. ‘his 
consisted of the second pass and the welding of 
the steel lifting collars to the top of the shear 
blocks. In some cases the top of the lifting 
collar was welded to the column at the top of 
the finished floor slab. The time involved 
from the start of the last slab until this slab was 
lifted into place and welded was about fifteen 
calendar days. This work was performed during 
the late autumn and early winter. According 
to the licensors of the method, the construction 
cycle used in the erection of the structural frame 
of a building by the “Lift Slab” technique 
requires only 50 to 60 per cent of the time 
needed for conventional poured-in-situ concrete 
construction. This time saving is due to a 
number of factors other than the slab lifting 
process itself. The vacuum process used on all 
slabs at the River Rouge project removed any 
excess water and shortened the time required 
for the finishing operation. Also, the ultimate 
strength of the concrete was attained faster 
than in the normal pouring of concrete. The 
use of “ Pumpcrete”’ equipment for concrete 
placement also speeded up the job. Another 
important factor was that 95 per cent of the 
concrete was poured at ground level. 

The general contractor on this project esti- 
mated that approximately five months or about 
33 per cent were saved from start to occupancy 
over the time required by conventional methods. 
It is significant that only about twenty car- 
penters were used, whereas about 200 would 
have been required had conventional building 
methods been employed. During the fifteen- 
week period from the middle of September, 
1954, to early January, 1955, a total of 400,000 
square feet of slab was fabricated and erected— 
an average weekly production of 26,000 square 


Lifting collar resting on shear blocks welded 
to building column 
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feet. The general contractor states that on an 
even larger building he was erecting in Kansas 
City by the conventional method of poured- 
in-situ concrete, he was able to place only 
13,200 square feet of floor per week. 


DESIGN STANDARDS 


The standard design now generally followed 
for “ Lift Slab”’ work in the United States is 
that of the American Concrete Institute for 
flat-slab reinforced concrete construction. Flat- 
slab design, with its balanced moments, provides 
a maximum of continuity, and requires no panels 
or special framing for stair wells or other open- 
ings. Any floor openings are formed prior to 
the pouring of the slab and the resulting struc- 
tural problems are solved by means of adequate 
reinforcing. Flat slabs to be erected by the 
“Lift Slab’? method are more economical 
when the column spacing is from 20ft to 25ft. 
This spacing may be increased to SOft if the 
resulting flat plate is of “ waffle-slab’’ design. 
Such waffle slab is now being employed in 
America, using three different types of corrugated 
mould materials: either light-gauge sheet 
metal, plastic or treated cardboard. Dead-load 
settlement must be taken into consideration 
when tying panels, girders, columns and slab 
together. With the “ Lift Slab’’ method, all 
dead-load settlement takes place as soon as 
any one slab is clear of the slab below. In solid 
slabs, as distinct from the waffle slabs used with 
wide column spacing, the problem of dead-load 
settlement is solved by giving the slab a camber. 
This is done generally be placing the concrete 
screeds so as to provide the desired camber 
in the first floor poured on grade. Succeeding 
slabs then receive this camber automatically. 


BUILDING Costs 


One of the items of expense which offsets the 
apparent economy of the “ Lift Slab’ method 
is the fact that the columns must normally be 
of steel instead of the reinforced concrete 
commonly used in buildings erected by the 
conventional method. On the Ford project 
the cost of the 10in wide flange beam columns 
erected in place was 265 dollars per column, or 
7.50 dollars per linear foot of column. This 
figure includes the base plates and the bolts 
which secure them to the footings. Another 
item of expense, and an important one, is the 
cast steel lifting collars. In the case of the Ford 
building the lifting collars were 24in square, 
weighed approximately 175lb each, and cost 
7:5 cents per square foot of floor. The sub- 
contract cost of lifting the slabs, welding the 
shear blocks in the columns, and welding the 
lifting collars to the 
shear blocks was 30 
cents per square foot of 
floor. 

The general con- 
tractor reports that the 
average slab construc- 
tion and lifting cost on 
the Ford project was 48 
cents per square foot 
compared to 75 cents 
per square foot on a 
similar structure the 
company was building 
at the same time in 
Kansas City by the con- 
ventional poured-in-situ 
method. This difference 
of 27 cents per square 
foot, or a saving of about 
40 per cent, does not 
include the additional 
savings effected by work- 
ing at ground level, or 
the substantial saving to 
the owner and con- 
tractor made possible by 
the reduction in overall 
time of completion of the building. Furthermore, 
this saving does not include the labour rate 
differential in shuttering cost, which amounts to 
Il cents per square foot in the Detroit area. 
Another factor yielding savings in cost and in 
the use of labour is the fact that material-hoisting 
towers are generally not required or are reduced 
in size and number, since equipment and material 
can be hoisted on the slabs. When sub-con- 
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First floor, second floor and roof slabs after lifting to their final positions 


tractors—particularly plumbers, steam fitters, 
electricians, sprinkler men and sash and partition 
erectors—get used to working on buildings being 
erected by the “ Lift Slab”? method, they take 
advantage of the opportunity to place their 
heavy materials on the slab just before it is lifted 
into permanent position. There is a real saving 
due to this arrangement. 

On the Ford office building, no crawl space 
was specified under the ground floor, although 
pipe tunnels were provided. Such space is 
sometimes required in buildings built by the 
“ Lift Slab’’ method. When a crawl space is 
required, the customary method is to pour the 
first slab on the ground as usual. Then, after the 
roof and the slabs for the upper floors have been 
lifted into final position, the ground floor slab 
is lifted up through the necessary 3ft or 4ft to 
provide the crawl space. 

The simplicity of the structural frame of the 
building affords great flexibility in architectural 
treatment, and this aspect has been taken advan- 
tage of in most “* Lift Slab ” structures. Flat-slab 
floors also afford a reduction in the overall 
building height. The elimination of column 
capitals and drop panels helps to solve many 
architectural and mechanical problems. The 
method also facilitates the maximum use of 
prefabricated’ materials, particularly in the wall 
and partitions. On the Ford office building, the 





Completed building wing showing use of aluminium skin for exterior 
wall construction 


general contractor estimates that the saving 
effected by the “ Lift Slab’? method was 5 per 
cent of the total cost of the building (exclusive 
of air conditioning), compared with the price 
he would have charged for erection by the 
conventional poured-in-situ method. 

The Youtz-Slick basic patents under which 
this building was erected, are owned by the 
United States Lift Slab Corporation, of Austin, 





Texas. These patents have been in effect for 
about five years, and in that period the company 
has issued nineteen licences—fourteen in the 
United States, three in Canada, one in Puerto 
Rico, and one in Iceland. In the case of the 
Ford office building, the lifting and welding was 
done by the Skyhook Lift Slab Corporation, of 
Kansas City, Missouri, and the general contractor 
was the Long Construction Company, also of 
Kansas City. 





Rejection of British Tender for 
Electrical Equipment 


IT was announced on August 26th that the 
U.S. Government awarded an order for more 
than 6,000,000 dollars’ worth of electric genera- 
tors and transformers to American companies 
despite lower bids by British producers. Charles 
E. Wilson, the Secretary of Defence, announced 
that the orders for equipment for the Chief 
Joseph Dam at Brewster, Washington, had been 
given to American companies because the 
generators and transformers would be built “‘ in 
the Pittsburgh area of substantial unemploy- 
ment.” The award has been pending for six 
months. It had been considered the first major 
test of the more liberal interpretation of the Buy 
American Act that President Eisenhower ordered 
last December. Under this Act, American 
suppliers had obtained an average differential of 
25 per cent when bidding against foreign com- 
petitors for Government business. President 
Eisenhower specified that except under special 
conditions the advantage to American producers 
be reduced to an average of 6 to 10 per cent. An 
exception was allowed when it was necessary to 
cieate work in areas of substantial unemploy- 
ment. 

In his announcement Secretary Wilson did not 
quote the figures bid by the English Electric 
Export and Trading Company, and those that 
the department had received from the two 
successful American bidders. It is believed, 
however, that the British bid for the six generators 
and three transformers wanted for the Chief 
Joseph Dam totalled slightly more than 5,300,000 
dollars. The bids for similar American-made 
equipment amounted to approximately 1,000,000 
dollars more. The Westinghouse Electric Cor- 
poration was the successful American bidder 
for the six generators. The Pennsylvania Trans- 
former Company obtained the order for the 
three transformers. ‘“‘ The bids of the English 
Electric Export and Trading Company, although 
lower than those of the domestic firms,” Secretary 
Wilson’s statement said, “were rejected in order to 
place the procurement in a domestic area of sub- 
stantial unemployment. Both of the low domestic 
bidders have undertaken to produce substantially 
all of the materials being procured in the Pitts- 
burgh area, which has been classified by the 
Secretary of Labour as an area of substantial 
unemployment.” 
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Personal and Business 


Appointments 


Mr. A. C. Stewart has been appointed assistant 
sales manager of Chloride Batteries, Ltd. 


SmirHs AIRCRAFT INSTRUMENTS, Ltd., announces 
the appointment of Mr. G. D. Mole as a project 
engineer (engines). 


Mr. MAuricE TATTERSFIELD has been appointed 
managing director of Brush Electrical Engineering 
Company, Ltd., Loughborough. 


Mr. H. SavaGe, M.1.C.E., has been appointed 
assistant civil engineer (modernisation) at Paddington, 
Western Region of British Railways. 


Mr. T. P. BERINGTON has been appointed vice- 
chairman of Monsanto Chemicals, Ltd. He has been 
a director of the company since 1930. 


SHORT BROTHERS AND HARLAND, Ltd., announces 
the appointment of Mr. J. Dent, A.M.I.Mech.E., as 
assistant chief engineer, guided weapons. 


Mr. A. W. GosLinc, A.M.I.Mech.E., has been 
appointed chief engineer in the diesel engine division 
of Armstrong Siddeley Motors, Ltd., Coventry. 


THE BritisH CENTRAL ELECTRICAL COMPANY, Ltd., 
6-8, Rosebery Avenue, London, E.C.1, announces 
the appointment of Mr. T. A. Nash as a sales engineer. 


Mr. DonaLtp C. ALTMAN has been appointed 
sales manager, industries group, of Allis-Chalmers 
Great Britain, Ltd., Salisbury House, London Wall, 
Ex2. 


Mr. WALTER TitMus has been appointed to take 
charge of an industrial controls division which has 
been formed by The Solartron Electronic Group, 
Ltd., Thames Ditton, Surrey. 


C. H. JoHNson (Macuinery), Ltd., Stockport, 
announces the appointment of Mr. James Titley as 
Midlands area manager. His address is ** Glenariff,” 
Byrd Lane, Uttoxeter (telephone, Uttoxeter 2389). 


PROFESSOR ARNOLD TUSTIN, M.ILE.E., has been 
appointed to the British Transport Commission’s 
research advisory council. He has been Professor 
of Electrical Engineering at the University of Birming- 
ham since 1947. 


Mr. G. A. PLUMMER, M.I.Mech.E., has been 
elected to the main board of John Thompson, Ltd., 
Ettingshall, Wolverhampton. He will continue as a 
director and the chief engineer of John Thompson 
Water Tube Boilers, Ltd. 


Mr. F. Ropers has been appointed buyer in the 
purchasing department of Steel, Peech and Tozer, 
Rotherham, a branch of The United Steel Companies, 
Ltd. He succeeds Mr. J. E. Roberts, who has retired 
after forty-three years in the firm’s service. 


Prior STOKERS, Ltd., 1-3, Brandon Road, London, 
N.7, states that Mr. A. E. A. Wright, who is con- 
cerned with the manufacturing side of the business, 
has been appointed to the board. He has also been 
appointed a director of Sheet Metal Specialties, Ltd. 


THE FAIRFIELD SHIPBUILDING AND ENGINEERING 
Company, Ltd., Govan, Glasgow, states that Mr. 
A. S. Nicholas has been appointed to the board. Mr. 
Nicholas is the local director and general manager 
rf the company’s constructional works at Chepstow, 

on. 


Mr. JOHN V. SHEFFIELD has been appointed chair- 
man of Horseley Bridge and Thomas Piggott, Ltd., 
Tipton, Staffs. Mr. Sheffield, who has been deputy 
chairman, succeeds the Earl of Dudley, who has 
retired from the chairmanship but remains a director 
of the company. 


THE LORD PRESIDENT OF THE COUNCIL has appointed 
Professor P. M. Blackett, F.R.S., of the Imperial 
College of Science and Technology, and Mr. H. 
Douglass, general secretary of the Iron and Steel 
Trades Confederation, to be members of the Advisory 
Council for Scientific and Industrial Research. 


W. H. ALLEN Sons AND Co., Ltd., Queens Engineer- 
ing Works, Bedford, has announced the appointment 
of Mr. W. Kenneth G. Allen as chairman, in succes- 
sion to his uncle, the late Sir Richard W. Allen. Mr. 
Kenneth Allen joined the board in 1937 and was 
appointed a managing director in 1946. He is the 
third member of the family to become chairman of the 
company since it was founded by his grandfather, 
Mr. W. H. Allen, in 1880. 


SCOTTISH BOILER AND GENERAL INSURANCE Com- 
PANY, Ltd., 82, St. Vincent Street, Glasgow, C.2, 
States that Mr. R. J. S. Macpherson, M.I.Mech.E., 
chief engineer, has been appointed general manager 
in succession to Mr. W. Wallace Kerr, M.I.Mech.E., 
M.1.E.E., who has retired after forty-two years in the 
company’s service. Mr. Wallace Kerr has 


elected to the board. Mr. T. H. Dunsmoir, 
M.I.Mar.E., the company’s head office engineer, has 
been appointed chief engineer. 


LANCASHIRE DyNAMO HOLDINGS, Ltd., states that 
Mr. H. W. Bosworth will retire from the chairman- 
ship of the company at the end of the year, but will 
continue to serve as a director. Sir Percy H. Mills, 
Bt., is to become chairman, and Mr. S. F. Steward 
has been appointed managing director. The Minister 
of Fuel and Power has agreed to release Mr. Steward 
from the chairmanship of the South Western Elec- 
tricity Board, which position he has held since the 
formation of the Board in 1948. 


Business Announcements 


CLARKSON (ENGINEERS), Ltd., Nuneaton, has 
opened a new office and stockroom at 17, Cumberland 
Street, Bristol, 2 (telephone, Bristol 2-8464). 


J. H. FENNER AND Co., Ltd., Marfleet, Hull, has 
opened a new branch at Guildford Street, Luton, 
Beds. The branch manager is Mr. E. C. Boddy. 


CRAWFORD COLLETS, Ltd., is now the title of the 
firm hitherto known as Crawford and Co. (Totten- 
ham), Ltd. The firm’s headquarters are at Witney, 
Oxon. 


THE GENERAL ELECTRIC COMPANY, Ltd., states 
that the telephone number of the Fraser and Chalmers 
Engineering Works, Erith, Kent, has been changed to 
Erith 3011. 


A. M. Lock anp Co., Ltd., Crompton Street, 
Chadderton, Lancs, states that its sales and accounts 
division has been moved to new offices at Prudential 
Buildings, 79, Union Street, Oldham. 


ALLIED NATIONAL CORPORATION, Ltd., states that 
its address is now Garrard House, 31-45, Gresham 
Street, London, E.C.2. (telephone, Monarch 3060 ; 
telegraphic address, ‘* Altnacor, Cent, London ”’). 


B. O. Morris, Ltd., Coventry, is to manufacture 
under licence in this country automatic and semi- 
automatic polishing equipment made by Hammond 
Machinery Builders, Kalamazoo, Michigan, U.S.A. 


Square D, Ltd., is the name of a company which 
has been formed as a United Kingdom subsidiary of 
the Square D Company, Detroit, U.S.A. The head- 
quarters of Square D, Ltd., are at 100, Aldersgate 
Street, London, E.C.1. 


AsEA ELEctrRICc, Ltd., Walthamstow, London, E.17, 
states that the additional factory premises which it 
acquired earlier this year in Fulbourne Road now 
accommodate the design and drawing-offices. The 
premises will in future be known as the Asea West 
Works. 


Str GEORGE GODFREY AND PARTNERS, Ltd., and the 
Stratos Division of the Fairchild Engine and Airplane 
Corporation have announced an agreement pro- 
viding for the exchange of ideas and techniques con- 
cerned with the aircraft pressurising and air con- 
ditioning equipment which they design and manu- 
facture. 


ROBERTSON THAIN, Ltd., Ellesmere Port, Cheshire, 
announces an agreement with Frank Segner and Co., 
Ltd., Manchester, and Bush, Beach and Gent, Ltd., 
Marlow House, Lloyd’s Avenue, London, E.C.3, 
which permits the two latter companies to market the 
grades of “‘ Stypol”’ polyester resins, which are used 
for general laminating purposes. 


THe NortH EASTERN MARINE ENGINEERING COM- 
PANY, Ltd., and George Clark (Sunderland), Ltd. 
(both members of the Richardsons Westgarth group), 
state that arrangements have been made for their 
respective works in Sunderland to be conducted by 
the same management. The assets and all obligations 
of the businesses at South Dock and Southwick, 
Sunderland, are to be merged in a company, entitled 
George Clark and North Eastern Marine (Sunder- 
land), Ltd. Mr. W. R. Jones is to become managing 
director, and Mr. A. H. W. Dawson will continue as 
director and resident manager at South Dock. The 
North Eastern Marine business at Wallsend is not 
affected by this arrangement. 


Contracts 


Davy AND UNITED ENGINEERING COMPANY, Ltd., 
Sheffield, has secured a contract worth nearly 
£300,000 to build a new hot strip mill plant for 
Surahammars Bruks A.B., Surahammar, Sweden. 
The new mill, a 60in wide four-high reversing unit, 
which will need an 8000 h.p. motor to drive it, is 
being designed specially for the hot rolling of alloy 
steel strip. 


Miscellanea 


7 cwr DeLivery VAN.—A Tewt vat based 
upon the “ Prefect ” car has been introduced by the 
Ford Motor Company, Ltd., 88, Regent Street, W.]. 
Lever type shock absorbers replace the telescopics 
at the rear of the lighter vehicles, and heavier rear 
springs are fitted ; the tyres are 5-60 13, as on the 
Scwt van. The indirect ratios are about 2:1 for 
second, and 3-67 for first, but the final drive is 4-429 
as On all models with the 36 h.p. engine. 


LECTURE BY PROFESSOR NERVI.—Professor Pier 
Luigi Nervi, the well-known Italian desiyner of 
concrete structures, is to pay a week’s visit to | ondon 
this month. On October 14th, he will be lecturing 
on “ Concrete and Structural Form ” at the invitation 
of the Institution of Structural Engineers and the 
Joint Committee on Structural Concrete. The 
lecture, which begins at 6 p.m., will be held at the 
Friends’ Meeting House, Euston Road, London, 
N.W.1. Tickets (free of charge) may be obtained 
from the Cement and Concrete Association, §2, 
Grosvenor Gardens, London, S.W.1. 


LLoyp’s WreECK RETURNS.—Lloyd’s Register of 
Shipping has issued its Statistical Summary of Mer. 
chant Ships Totally Lost, Broken Up, &c., during 1954, 
The world total of steamships and motorships lost 
consequent upon casualty amounted to 182 ships of 
262,369 tons gross, and included 18 ships of 44,058 
tons owned in Great Britain and Northern Ireland, 
and 28 ships of 8595 tons owned in the other Common- 
wealth countries. The corresponding totals of 
steamships and motorships lost not consequent upon 
casualty amounted to 578 ships of 1,505,377 tons 
gross, 171 ships of 376,235 tons and 37 ships of 77,536 
tons respectively. 


EXHIBITION OF DiviDING ENGINES.—An exhibition 
to illustrate the evolution of the dividing machine 
will be shown in the Science Museum for about 
the next six months. Dividing machines engrave 
the graduations on the accurate linear and circular 
measuring scales which are essential parts of many 
scientific instruments, especially those used in 
astronomy, surveying and navigation, including 
sextants and theodolites. Until the middle of the 
eighteenth century these measuring scales were 
divided by hand or by the use of a dividing plate, but 
in 1775 Jesse Ramsden built a successful dividing 
engine which divided circular scales mechanically. 
Since his time progress has been in the direction of 
automatic operation of the machines and incteased 
accuracy of their work. The eight circular dividing 
machines, dating from 1778 to 1955, are exhibited, 
and two of them are shown in operation. 


PistON ENGINE ProGress.—The twelfth annual 
report of the British Internal Combustion Engine 
Research Association shows that its work has been 
very largely directed to diesel developments. Work 
on fuels and lubricants has been concentrated on the 
use of lower grade fuel in high-speed engines. 
Research on pressure-charging included a 350-hour 
run on an engine with variable-compression ratio 
pistons, at the end of which there was no significant 
deterioration of the pistons. A larger Bicera com- 
pressor has been developed to attain 77 per cent 
adiabatic efficiency at 4-°5lb per square inch gauge 
and 70 per cent at 14 lb per square inch gauge. The 
study of torsional vibration has allowed a handbook 
on the subject to te prepared for publication by 
Cambridge University Press. Difficulties in recruiting 
staff are reported ; during the summer of 1954 two 
vacation students worked at the laboratory. 


REVISED RANGE OF Goops VEHICLES.—The “‘Super- 
poise ” range of Commer vehicles has been designed 
around three models, 2/3, 3/4 and 5 tons capacity, 
with a range of wheel bases for each. All share a 
normal control cab behind a high bonnet, with a 
single seat wide enough for three persons. The bodies 
available include platform and dropside types, with 
all stressed parts in steel, and a tipper ; the latter 
has the tail-board latch controlled from the left- 
hand front corner of the body. Except when an 
Eaton two-speed axle is specified on the 5-tonner, 
an optional extra is a fifth gear with a ratio of 
0-822 :1; to cheapen production and ease spares 
supply, this train is in an additional casing at the rear 
of the gearbox, with its own selector mechanism 
controlling a dog clutch on the layshaft. Other 
optional extras are chrome cylinder liners for the 
six-cylinder, 91 h.p., push-rod, vertical engine, shock 
absorbers, and, except on the 2/3-ton model, which 
is not servo braked or available with diesel engine, a 
vacuum reservoir ; when a Perkins engine is selected 
a vacuum gauge is provided. In all cases a dashboard 
gauge shows the contents of the flat-bottomed, 
16-gallon fuel tank. The alternative engines are 
“ P6” for 3/4 and 5-ton models, and “ R6” for the 
largest: with an ““R6” and an Eaton axle a gradient 
of 1 in 23 is theoretically climbable. 
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British Patent Specifications 


invention is communicated from abroad the name and 
When an 
abridgment is not illustrated the specification is without drawings. 
The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of publication of the 


ee a the communicator are printed in italics. 


ne specification. Copies of specifications may be obtained 
come Patent Office Sales Branch, 15, Southamp Buildi 
a Chancery Lane, W.C.2, 3s. each. 
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734,088. June 3, 1952.—LiQuID-IMMERSED ELECTRIC 
Circutt’ BREAKERS, Metropolitan-Vickers Elec- 
trical Company, Ltd., St. Paul’s Corner, 1-3, 
St. Paul’s Churchyard, London, E.C.4. (Inventor: 
David Reginald Davies.) 

[he invention relates to oil or other liquid-immersed 
electric circuit breakers, Referring to the drawing, 
the circuit breaker comprises a pair of fixed contacts 

A, secured respectively to the lower ends of the lead-in 

conductors B extending through the insulating bush- 

ings C to the exterior of the enclosing tank. For 
interconnecting the fixed contacts A when the breaker 
is closed there is a moving contact assembly indicated 
enerally at D comprising a bridging conductor FE 
which is contained in an arcing chamber F in a struc- 
ture G of insulating material, the top of this structure 
being suitably apertured to permit the fixed contacts 

Ato project as shown into the chamber F for abutting 

engagement with the bridging conductor. In the 

interests of strength to withstand the pressures set 
up in the [chamber on arcing, the structure G is 

preferably \formed by two insulating blocks J 

and K, secured together, by through bolts L, with 
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their facing surfaces lying in the vertical plane, 
including the axes of the fixed contacts A. It 
is contemplated to form these insulating blocks 
of laminated pressed beech or other suitably 
laminated material. Grooves and side vents are 
provided to assist in extinguishing the arc. The 
strength of the structure G may be increased still 
further by arranging that the insulating material 
defines the top, sides and ends of the chamber F, 
while the bottom of the chamber, or, at least, a sub- 
stantial part of it, is defined by a block M of light 
metal or alloy secured in position at the bottom of 
the insulating structure G by through bolts as shown. 
The bridging conductor E is pressed up from 
the bottom of the chamber F by a number of 
uniformly distributed springs N located in recesses 
O in the bottom block. A pin or rod P across 
the chamber F acts as a stop to limit movement 
of the bridging conductor E away from the bottom 
of the chamber, under the influence of the 
springs, when the circuit breaker is open, namely, 
when the contact assembly D has been moved 
downwards from the position shown to a 
position in which the structure G has been completely 
withdrawn from around the fixed contacts A. « Aper- 
tures R may be provided through the bridging con- 
ductor E to reduce the damping effect of the oil on the 
motion of the bridging conductor while the latter is 
moving between its position of engagement with the 
stop P and the illustrated position corresponding to 
the breaker being closed. The moving contact 
assembly D is carried at the end of a rod S which is 
connected with or forms part of the operating 
mechanism of the circuit breaker. Thus, axial 
movement of this rod, effected under control of the 
operating mechanism, will result in the assembly being 
raised or lowered and accordingly will result in the 
bridging conductor being moved into or out of 
Position bridging the fixed contacts. A modified 
arrangement is also shown in the specification.— 
July 27, 1955. 


735,555. December 16, 1953.—Execrric Circuit 
BREAKERS WITH AN ARC-EXTINGUISHING MEDIUM, 
Allmanna Svenska Elektriska Aktiebolaget, 
Vasteras, Sweden. 

_ The invention relates to an electric circuit breaker 

In which a flow of an arc-extinguishing medium 

towards the arc is obtained by means of a piston 

actuated by the disconnecting mechanism, which is 
arranged in a part of the breaker subjected to the 
voltage across the breaker. The mechanism is 

Operated by a pressurised medium. As will be seen 

from the drawing, A is the stationary contact and B 

the movable contact. The stationary contact is 
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fixed on an insulator C. Current is conveyed to the 
movable contact through sliding contacts D. E is an 
arc-extinguishing piston and F a shoulder fixed on the 
movable contact. G isa return valve for oil. Fixed on 
the movable contact is a pull-rod, part of which con- 
sists of an insulating rod H, the lower end of which is 
joined with the piston-rod of the driving piston J. 
An insulator K is filled with oil. The rod of the driving 
piston J passes through a sealing gland L. M is an 
interrupting valve and N a closing valve. To open 
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the circuit breaker, air is led under pressure to the 
upper surface of the driving piston J and presses it 
downward. This moves the contact B down 
and brings the shoulder F in contact with the 
bottom of the extinguishing piston E. This is 
drawn downward and brings about a flow of oil 
through the outlet opening of the piston E to 
extinguish the arc during the continued down- 
ward displacement of the piston. To regulate the 
speed of the driving piston J the air supply through 
the valve M or N is controlled by a balanced throttle 
device supported by two metal bellows and is also 
shown in the specification. The device is influenced 
in the closing direction by a spring, and in the opening 
direction by an electromagnet fed from a current 
transformer, the primary winding of which is energised 
by the main current of the breaker. If this current is 
weak the size of the throttle opening is determined 
solely by the spring, which holds the device against 
a shoulder designed to give the movable contact a 
certain speed for disconnecting very weak currents. 
At relatively high disconnecting currents, the pull of 
the electromagnet predominates over the force of the 
spring, and the throttle device is set to give a greater 
opening. The driving piston J is given a speed corre- 
sponding to the current during the opening of the 
breaker, and the oil within the extinguishing piston 
attains a corresponding pressure. If the electromagnet 
is not switched in continuously, it may be short 
circuited normally by a contact, which opens pneu- 
matically when the disconnecting valve is opened.— 
August 24, 1955. 


INTERNAL COMBUSTION ENGINES 


736,168. May 11, 1953.—Porrt ARRANGEMENT IN 
TWoO-STROKE ENGINES, Joseph Ehrlich, 35, 
Tarranbrae, Willesden Lane, London, N.W.6. 

The invention relates to internal combustion 
engines operating on the two-stroke cycle and com- 
prising two cylinders, termed for convenience the 
transfer and exhaust cylinders, which are arranged 

normally on parallel axes and communicate with a 

common combustion space. The respective pistons 

are connected with a common crank and arranged 
so that the piston in the exhaust cylinder operates 
somewhat in advance of the piston in the transfer 
cylinder. In one form of the invention the transfer 
cylinder is provided with three transfer ports of sub- 
stantially equal area equi-angularly arranged around 
the circumference and with one of these ports posi- 
tioned somewhat lower so that it is opened after the 
other two have been opened by the movement of 
the piston. This one port is also fed with mixture 

through a duct which opens into the crank-case at a 

point adjacent a baffle which extends across the 

crank case towards the flywheel and forms with the 
periphery of the crank-case a sort of scoop into which 
the mixture is blown by the fan action of the flywheel. 

This duct thus enters the crank-case at a region where 

the pressure is higher than it is where the ducts to 

the other ports enter and consequently the mixture 
emerges through this one port at a higher velocity. 

An engine modified in accordance with this invention 

has been found to give a substantial increase in horse- 

power and the reason for this increased output is 
believed to be due to an increased turbulence in the 
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transfer cylinder caused by the difference in timing 
and differing velocities of the two streams of mixture. 
—September 7, 1955, 


AIR COMPRESSORS 


735,474. February 2, 1953.—ComBiNeED ENGINE 
AND MULTI-STAGE Compressor, Motorenfabrik 
Darmstadt G.m.b.H., 75, Landwehrstrasse, 
Darmstadt, Germany. (/nventor: Helmut Miiller .) 

The invention relates to a combined engine and 
multi-stage compressor of V-construction. As shown 
in the drawing, the engine cylinders A and the com- 

pressor cylinders B are mounted within a casing C 

on the crankcase. Between the rows of cylinders is 

provided a cooling air space D of angular section. 

This space is formed at its forward end with a metal 

collar E in which there is an axial fan F. The fan is 
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driven by a V-belt from the flywheel as shown. G is 
the pressure-regulating valve and H the fuel pump. 
A suction chamber J for the engine cylinders is dis- 
posed below the cooling air space D and is closed at 
each end by air filters K. An intercooler L is housed 
in the space between the rows of cylinders. The 
two low-pressure cylinders B1 and B2 are connected 
together by the common suction manifold M, 
to which the pressure-regulating valve G is con- 
nected. Inside the casing is mounted a common 
pressure pipe N on the heads of the low-pressure 
cylinders B1 and B2, the pipe being in communication 
with one end of the intercooler L. The other end of 
the intercooler is connected to the inlet manifold O 
of the high-pressure cylinder, from the outside of 
which extends a pipe P leading to the pressure 
receiver. Thus the air flows from the outer side of 
the low-pressure cylinders Bl and B2 to the inner 
side and then through the intercooler L to the high- 
pressure cylinder B3, from the outer side of which it 
flows to the pressure receiver.—August 24, 1955. 


RAILWAY ENGINEERING 


736,510. August 19, 1952.—RaiL VEHICLE SUSPEN- 
SION, Charles Frank Cleaver, Sanquhar, Stoke 
Wood, Stoke Poges, Buckinghamshire, and 
A.C.V. Sales, Ltd., 49, Berkeley Square, West- 
minster. 

The invention relates to rail vehicle spring suspen- 
sions for railway carriages and in particular for four- 
wheeled railway carriages without bogies, especially 
when the carriages are self-propelled, and used 
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singly or coupled together. From the drawing it 
will be seen that each axle A supports an axle- 
underframe consisting of two side or longitudinal 
members B connected together by cross members C, 
the support being through a pair of leaf springs D, 
one on each side. Hanging from the cross members, 





by swing links E, of which two pairs are provided 
on each side of the vehicle per axle, are two planks 
F. On the outer ends of these planks are nests of 
coil springs G supporting a main underframe H 
through its cross members J. Movement of the 
axle-underframe B and cross members C in relation 
to the main underframe is controlled by rubbing 
plates K attached to frame brackets as shown. 
Limited freedom of sideways movement is allowed 
between the axle-underframe and the main under- 
frame and this movement may, or may not, be‘con- 
trolled by shock absorbers L in addition to fixed 
limiting stops. The swing links reduce horizontal 
shock on points and crossings. The springs reduce 
vertical shocks. The vertical movement between the 
axle and its underframe may be controlled by shock 
absorbers.—September 7, 1955. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, @c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


meeting. 


BRITISH INSTITUTION OF RADIO ENGINEERS 

Wed., Oct. 12th—W. MIDLANDS SECTION : Technical College, 
Wulfruna Street, Wolverhampton, “ Frequency Modulation 
Broadcasting and Reception,’’ H. E. Farrow, 7.15 p.m. 

Wed., Oct. 26th.—LONDON SECTION : School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, te 
Annual General Meeting, 6 p.m.; ‘“ Recent Advances in 
Microwave Tubes,”’ R. Kompfner, 7 p.m. 


CHADWICK PUBLIC LECTURE 
Tues., Oct. 25th—Lecture Theatre, Department of Civil and 
Municipal Engineering, University College, Gower Street, 
London, W.C.1, “* Development of the Measurement of Strains 
in Structures,’’ R. J. Wilkins, 5.30 p.m. e 


CHEMICAL SOCIETY 
Wed., Oct. 19th.—BristoL BRANCH : Technical College, Bruns- 
wick Road, Gloucester, “Some Newer Plastic Materials,” 
E. M. Evans, 6.30 p.m. 
Thurs., Oct. 20th—LoNDON BRANCH: Institution of Civil 
Engineers, Great George Street, Westminster, S.W.1, “ The 
Photosynthetic Carbon Cycle,’’ M. Calvin, 7.30 p.m. 


COMBUSTION ENGINEERING ASSOCIATION 
Thurs. and Fri., Oct. 13th and 14th.—Conference Room, Camp- 
field Avenue, Deansgate, Manchester. In connection with the 
Fuel Efficiency Exhibition (Wed., Oct. 12th, to Sat., Oct. 22nd) 
the Association has arranged a Conference entitled “* The Cost 
of Steam.”’ 


DIESEL ENGINE USERS ASSOCIATION 
Thurs., Oct. 20th—ANNUAL GENERAL MEETING : Caxton Hall, 
Westminster, London, S.W.1, Report for 1954: “ Diesel 
Engines : Design for Service,’ C. H. Bradbury, 2 p.m. 


ENGINEERING INDUSTRIES ASSOCIATION 
Wed. to Friday, Oct. 12th to 14th.—Royal Horticultural Society’s 
New Hall, Greycoat Street, London, S.W.1, Eighth London 
Regional Display. 


ILLUMINATING ENGINEERING SOCIETY 

Mon., Oct. 10th.—SHEFFIELD CENTRE: Medical Library, The 
University, Western Bank, Sheffield, 10, Chairman’s Address, 
W. Berry, 6.30 p.m. 22 

Tuesday, Oct. 11\th—SESSIONAL MEETING: Royal Institution, 
Albemarle Street, London, W.1, Presidential Address, A. C. 
Higgins, 6 p.m. a . 4 

Tues., Oct. 18th.—LiverPoo. CENTRE: Liverpool Engineering 
Society, 9, The Temple, 24, Dale Street, Liverpoo!, Chairman’s 
Address, G. L. Butler, 6 p.m. f 

Wed., Oct. 19th._—Tres-Siwe Group: Cleveland Scientific and 
Technical Institute, Corporation Road, Middlesbrough, “* The 
Application and Maintenance of Discharge Lamp Installa- 
tions,”’ J. J. French, 6.30 p.m. 


INCORPORATED PLANT ENGINEERS 

Tues.. Oct. 11th —MANCHESTER BRANCH: Engineers’ Club, 
Albert Square, Manchester, “Steam for Process,’’ L. G. 
Northcroft, 7.15 p.m. 

Wed., Oct. 12th—E. MIDLANDS BRANCH: County Hotel, 
Theatre Square, Nottingham, “Planned Maintenance,” 
A. S. Stedman, 7 p.m.——LEICESTER BRANCH: College of 
Art and Technology, The Newarkes, Leicester, “* Works 
Accountancy,”’ D. D. Eade, 6.30 p.m. f neh 

Thurs., Oct. 13th.—GLAsGOW BRANCH : Scottish Building Centre, 
425/427, Sauchiehall Street, y. “* Hermetically Sealed 
Refrigerating Equipment,’ A a » 7 p.m. N.E. 
BRANCH : Roadway House, Oxford Street, Newcastle upon 
Tyne, Goodyear Film, 7 p.m. - 

Fri.. Oct. 14th.—BiRMINGHAM BRANCH : Imperial Hotel, Temple 
Street, Birmingham. MosiLe PLANT Discussion Group : 
Films, “‘ Care and Maintenance of Plant,”’ “ Aveling Barford 
Dumper Grader” ; paper’by P. Stevenson, 7.30 p.m. 

Wed., Oct. 19th—KENT BRANCH: Bull Hotel, Rochester, 
* Selection of Electric Motors for Industrial Purposes,’’ J. M 
Peel, 7 p.m. ; 

Thurs., Oct. 20th—BLACKBURN BRANCH : Golden Lion Hotel, 
Blackburn, “The Repair of Fractured Castings,” N. Tinwell, 
7.30 p.m.—-LoNDON BRANCH: College of Preceptors, 
Bloomsbury Square, W.C.1, ‘‘ The 1400 Excavator,’’ C. McL. 
Cameron, 7 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
Thurs., Oct. 13th.—BrDs AND HERTS SECTION : W. H. Allen Sors 
and Co., Ltd., Bedford, Induction of President, A. F. Hammond, 
“ Some Castings from a Jobbing Foundry,” 7.30 p.m. , 
Tues., Oct. 18th.—E. ANGLIAN SECTION : Central Hall, Public 
Library, Ipswich, Induction of President, W. E. Cates, 7.30 p.m. 


INSTITUTE OF FUEL 


To-day. Oct. 7th--S. Wates Section : S. Wales Institute of 


Engineers, Park Place, Cardiff, ‘* Implications of the Rivers 
(Prevention of Pollution) Act, 1951,” A. H. Williams, 6 p.m. 
Mon., Oct. 10th.—N.E. SECTION: Visit to Fishburn Coking 
Plant, 2.30 p.m.——Chemistry Lecture Theatre, King’s 
College, Newcastle upon Tyne, ‘Coal Preparation and 

Evaluation,” J. K. Matthews, 6.30 p.m. > 
Fri., Oct. 14th.—ScottisH Section : Royal Technical College, 
Glasgow, “‘ Development of Slurry Handling Plant at Barony 
Power Station,”’ J. R. Croucher, 7 p.m. | 
Thurs., Oct. 20th—N.W. Section: Engineers’ Club, Albert 
Square, Manchester, “Coal Preparation and Evaluation,” 
J. K. Matthews, 7 p.m. 


THE ENGINEER 


INSTITUTE OF MARINE ENGINEERS 

Tues., Oct. 11th—85, Minories, London, E.C.3, “ Passenger 
Liner with Engines Aft,’’ R. K. Craig, 5.30 p.m. 

Wed., Oct. 12th.—ScottisH SECTION : Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, Glasgow, C.2, 
“ From River Bottom to Sea Bed,’’ D. W. Low, 7.30 p.m.—— 
MERSEYSIDE AND N.W. SECTION : Picton Hall, William Brown 
Street, Liverpool, ‘“*La Mont Boilers,’ G. A. Plummer, 


6.30 p.m. 

Thurs., Oct. 13th—W. MIDLANDS SECTION: Birmingham 
Exchange and Engineering Centre, Birmingham, ‘“ Steam 
Boilers—Trends and Tendencies,’’ G. A. Plummer, 7 p.m. 

Mon., Oct. 17th.—Stupent MeetinG : 85, Minories, London, 
E.C.3, Films, including ‘* The Sea Shall Test Her,”’ 6.30 p.m. 

Wed., Oct. 19th.—MERSEYSIDE AND N.W. SECTION: JUNIOR 
Lecture : Riversdale Technical College, Liverpool, “* Launch- 
ing of Ships,”’ R. S. Hogg, 5.30 p.m. 


INSTITUTE OF PETROLEUM 
Wed., Oct. 12th.—26, Portland Place, Londea, W.1, ‘‘ The 
Application of Cost Accounting to Oil Operations,’ C. J. 
Taylor, 5.30 p.m. 
Wed., Oct. 19th.—STANLOW BRANCH : Grosvenor Hotel, Chester, 
_— of Fuel Oil,’ F. H. Garner and R. Long, 
.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 

Mon., Oct. 10th.—E. ReGionac Centre: Council Chamber, 
Houldsworth Hall, 90, Deansgate, Manchester, “* Manumatic 
Transmission Control,”’ J. St. H. Webb, 7.30 p.m. 

Tues., Oct. 11th—LONDON CENTRE: Royal Society of Arts, 
John Adam Street, London, W.C.2, Annual General Meeting, 
followed by films, ‘*‘ Powered Flight’’ and ‘* The Tubeless 
Tyre,” 6.30 p.m. MIDLANDS CENTRE: Birmingham 
Exchange and Engineering Centre, Birmingham, “‘ The Use and 
Abuse of Tyres,’ G. H. IL. List, 7.30 p.m.——N. REGIONAL 
CENTRE: Victoria and Station Hotel, Preston, “ Various 
Trends in Machining and \nspection Methods Concerning the 
Manufacture of Heavy Cormercial Vehicles,”” R. P. Chilton, 


-30 p.m. 

Thurs., Oct. 13th.—W. REGIONAL CENTRE : Adelphi Hotel, Lime 
Street, Liverpool, *“* The Commer T.S.3 Two-Stroke Diesel 
Engine,”’ E. W. Coy, 7.30 p.n. 

Fri., Oct. 14th.—S. Wates Group: S. Wales Institute of 
Engineers, Park Place, Carciff, “‘ Metal Spraying and Re- 
clamation,”’ Lloyd Manuel, 7 p.m. 

Mon., Oct. 17th.—ScottisH Centre: North British Hotel, 
_— “Clutch and Brake Linings,’’ L. P. Godfrey, 
-30 p.m. 


INSTITUTE OF WELDING 
Thurs., Oct. 13th.—S. LONDON BRANCH : 2, Savoy Hill, W.C.2, 
“ Progress Towards Eliminating Brittle Fracture in Steel 
Structures,”’ A. A. Wells, 6 p.m. F 


INSTITUTION OF CHEMICAL ENGINEERS 
Tues., Oct. 11th —N.W. Brancu : Grosvenor Hotel, Chester, 
“A Pilot Plant Employing a Novel Process for the Urea 
Extraction of Hydrocarbons,’’ L. N. Goldsbrough, 7 p.m. 
Sat., Oct. 15th.—MIDLANDS BRANCH : The University, Notting- 
ham, “ The Mechanism of Operation of Bubble Cap Pilates,”’ 
F. H. Garner, 3 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Tues., Oct. 11th.—Great George Street, Westminster, London, 
S.W.1, “ The Failure and Repair of Ridham Dock,”’ R. G. T. 
Lane and G. T. Gregorian, 5.30 p.m. 
Thurs., Oct. 13th.—N.W. ASSOCIATION : Engineers’ Club, Albert 
..: Manchester, Address by the Chairman, J. D. T. Firth, 
.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 
Mon., Oct. 10th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Savoy Place, London, W.C.2, Chairman's Address, “* A.C. 
Switchgear,’’ M. H. F. Collins, 6.30 p.m. 
Tues., Oct. 11th.— MEASUREMENT AND CONTROL SECTION : 
eH Place, London, W.C.2, Chairman’s Address, W. Bamford, 
m 


.30 p.m. 
Wed., Oct. 12th —LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Visit to the Plessey Company., Ltd., Ilford, 2 p.m.——N. Scot- 
LAND SuB-CENTRE : Caledonian Hotel, Aberdeen, “ Electrical 
Energy from the Wind,’’ E. W. Golding, 7.30 p.m. 

Thurs., Oct. 13th.—UTILISATION SECTION : Savoy Place, London, 
W.C.2, Chairman’s Address, D. B. Hogg, 5.30 p.m.——N. 
SCOTLAND SusB-CenTRE : Electrical Engineering Department, 
Queen’s College, Dundee, “* Electrical Energy from the Wind,”’ 
E. W. Golding, 7 p.m. 

Mon., Oct. 17th.—INFORMAL MEETING: Savoy Place, London 
W.C.2, Discussion on “* Railway Signalling,’’ opened by J. H. 
Fraser, 5.30 p.m. 

Tues., Oct. 18th.—EDUCATION DiscussION CircLe : Savoy Place, 
London, W.C.2, Discussion on “* Analogues and Equivalent 
Circuits,’” opened by A. Turner, 6 p.m.——LONDON 
GRADUATES’ AND STUDENTS’ SECTION: R.E.M.E. Training 
Centre, Bailleul Barracks, Arborfield, Berks, Chairman’s 
Address, “‘ A.C. Switchgear,’’ M. H. F. Collins, 7 p.m. 


INSTITUTION OF ENGINEERING INSPECTION 
Tues., Oct. 11th —Leeps BrancH: Church Institute, Albion 
Place, Leeds, 1, ““ Measurement for Production,’’ S. F. Ellerby, 
7.30 p.m.——S.W. BrancH: Grand Hotel, Broad Street, 
Bristol, “‘ Inspection and Work Study,”’ W. F. Hilton, 7.30 p.m. 
Wed., Oct. 12th—LONDON BRANCH: Royal Society of Arts, 
John Adam Street, Adelphi, W.C.1, “‘ The Collection, Pre- 
sentation and Study of Inspection Data,’’ Bernard P. Dudding, 


Dundee, * Production and Inspection of Torpedo Mechanism,”’ 
B. G. York, 7.30 p.m. 


INSTITUTION OF ENGINEERS-IN-CHARGE 
Wed., Oct. 12th.—St. Bride’s Institute, Bride Lane, Fleet Street, 
London, E.C.4, Presidential Address, R. L. Quertier, 6.30 p.m, 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 


39, Elmbank Crescent, 
Glasgow, “‘ Resistance Experiments on an 18ft Plank,’’ J. F. 
Allan and R. S. Cutland, 7.30 p.m. 


Tues., Oct. 18th—GENERAL MEETING : 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 

Tues., Oct. 11th—S.W. Branch: R.W.A. School of Archi- 
tecture Library, Bristol, ‘‘ Oil Burners for Small Boilers,’’ G. L. 
Gollin and A. Kenyon, 6.30 p.m. 

Wed., Oct. 12th.—SESSIONAL MFETING : Institution of Mechanical 
Engineers, 1, Birdcage Walk, Westminster, London, S.W.1 
“* Engineering Services at the B.E.A. Maintenance <_ of 
A ie, 

College of 


London Airport,’’ L. Copeland Watts and J. 
6 p.m. LiveRPOOL AND DistRicT BRANCH : 
Buildings, Clarence Street, Liverpool, “‘ Feed and Vent Pipes,’ 
R. Hayes, 6.30 p.m. 


INSTITUTION OF HIGHWAY ENGINEERS 
To-day, Oct. 7th—LONDON BRANCH : Institution of Structural 
Engineers, 11, Upper Belgrave Street, London, S.W.1, “ Aerial 
Surveys and Practical Application of Results Therefrom,”’ 
a Papers, Hunting Aerosurveys, Ltd., and B. F. J. Bradbeer, 
5.30 p.m. 
i., Oct. 14th.—N.E. BRANCH : Visit to the Concrete Works of 
Tyzack and Co., Ltd., Fulwell Road, Monkwearmouth, 
Sunderland, 12.39 p.m. 
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INSTITUTION OF MECHANICAL ENGINEE 
To-day, Oct. 71th—AuTOMOBILE Division: 1, ae wn 
Westminster, London, S.W.1, Annual General Meeting’ 
Address by Chairman of the Division, 5.30 p.m. sat 
Tues., Oct. 11th—EDUCATION Group DiIscussION : 1, B rd 
Walk, Westminster, London, $.W.1, “ The Place in Enginsant® 
beope- of Metallurgical Knowledge and Instruction 
45 p.m. ‘ 


INSTITUTION OF POST OF€ICE ELECTRICA\ 
ENGINEERS 


Wed., Oct. 19th.—INFORMAL MexTING : Conference Room 4th 
Floor, Waterloo Bridge House, London, S.E.1, ‘* What Makes 
an Engineer ?’’ Discussion to be opened by J. G. Straw 

p.m. ‘ 


INSTITUTION OF PRODUCTION ENGINEERS 

Mon., Oct. 10th.—Ha.iFax Section : George Hotel, 1 idders. 
field, “* Automation—New Tools for Higher Productivity” 
F. G. Woollard, 7.15 p.m. vd 

Tues., Oct. 11th.—DONCASTER SECTION : Danum Hote!, Don. 
caster, ‘* Centrifugal Casting and Shell Moulding,” L. } irrison 
7 p.m.——TeES-SIDE SECTION : Technical College, Dar! ington’ 
“The Practical Uses of Electronics in Industry,’ K. A 
Zandstra, 7 p.m.——OxrorD SECTION : Town Hall. Oxford, 
“Automatic Transfer Machines,’’ F. Griffiths and H, N’ 
Holbeche, 7.30 p.m. hear 

t. 12th.—LIVERPOOL SECTION : Exchange Hote’, Liver. 

ol, “The Application of Radioisotopes in Industry,”’ Henry 

Seligman, 7.30 p. DuNDEE SECTION: New Imperial 

Hotel, 15, Tally Street, Dundee, “* The Impact of the Automatic 

Age,” 7.30 p.m.——EDINBURGH SECTION: North British 

Station Hotel, Edinburgh, “ Experiments in Light Industry in 
the Highiands and their Implications,’ J. M. Rollo, 7.30 p.m, 

Thurs., Oct. 13th.—LeicesTeR SECTION : Windsor Room, Beli 
Hotel, Leicester, Chairman's Address, “ On Being a Production 
Engineer,”’ J. C. Routledge, 7 p.m. 

Fri., Oct. 14th.—E. Counties SECTION : Davey Paxman and Co 
Ltd., Britannia Works Canteen, Colchester, ‘* Ball and Roller 
Bearings—Including their Application and Manufacture” 
A. R. Watson, 7.30 p.m. . 


INSTITUTION OF STRUCTURAL ENGINEERS 

0-day, Oct. 7th—W. Counties BRaNCH: The University 
Bristol, Chairman’s Address, N. G. T. Ball, 6 p.m. 2 

Mon., Oct. 10th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
11, Upper Belgrave Street, London, S.W.1, Address by 
K. Severn, 6.30 p.m.——ScoTrisH BRANCH: Ca’dore 
Restaurant, Union Street, Glasgow, Chairman’s Address 
W. T. Marshall, 6 p.m. ‘ 

Tues., Oct. 12th.—N. COUNTIES BRANCH : N. Gas Board Demon- 
Stration Theatre, Grainger Street, Newcastle upon Tyne, 
“Relationship Between Structural and Civil Engineering,” 
E. A. Parsons, 6.30 p.m. 

Thurs., Oct. 13th.—11, Upper Belgrave Street, London, S.W.1, 
“* Load Tests on a Three-Storey Reinforced Concrete Building, 
in Johannesburg,’’ A. J. Ockleston, 6 p.m. 


IRON AND STEEL INSTITUTE 
Wed. to Fri., Oct. 12th to 14th.—Special Meeting in Scunthorpe. 
Mon., Oct. 17th—HA.rieLD MEMORIAL LECTURE: Firth Hall, 
The University, Sheffield, “‘ Trends in Metallurgical Research 
in the United States,’’ E. C. Bain, 6.30 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 

To-day, Oct. 7th_—Fum EveninG : Pepys House, 14, Rochester 
Row, Westminster, London, S.W.1, “* The Raising of H.M. 
Submarine * Truculent,’ ’’ introduced by L. Hackman, 7 p.m. 

Mon., Oct. 10th.—SHEFFIELD AND District SecrION : Lives:y 
Clegg House, Sheffield, Chairman’s Address and Annual 
General Meeting, “* Industrial Hygiene Engineering,”’ G. F. H. 
Peacock, 7.30 p.m. 

Fri., Oct. 14th. — ORDINARY MEETING: Pepys House, 1/4, 
Rochester Row, Westminster, London, S.W.!. ‘Some 
Interesting Axial-Flow Fan Applications,” R. C. Dick, 7 p.m. 


KING’S COLLEGE, LONDON, FACULTY OF 
ENGINEERING 


To-day, Oct. 7th—Pusiic Lecrure: King’s College, Strand, 
London, W.C.2, “* The University Scene in Australia,”’ A. H 
Willis, 5.30 p.m. 


NEWCOMEN SOCIETY 
12th.—ORDINARY GENERAL MEETING : 
Museum, South Kensington, London, S.W.7, “ George 
Jackson Churchward, Chief Mechanical Engineer, Great 
Western Railway : The Man and His Work,” Sir William 
Stanier, 5.30 p.m. 


NORTH EAST COAST INSTITUTION 
AND SHIPBRUILDERS 

Fri., Oct. 14th.—OPENING GENERAL MEgTING : Lecture Theatre, 
Literary and Philosophical Society, Newcastle upon Tyne, 
“The Impact of the Development of Atomic and Thermo- 
nuclear Weapons on the Royal Navy,’’ J. R. H. Bull, 6.15 p.m. 


REINFORCED CONCRETE ASSOCIATION 
Wed., Oct. 12th.—\11, Upper Belgrave Street, London, S.W.1, 
“Some Recent Developments in the Technique of Precasting 
Concrete Structures,’’ J. A. Derrington, 6 p.m. 
Thurs., Oct. 13th.—ScorttisH BRANCH: North British Hotel, 
ep Street, Edinburgh, ‘“‘Cooling Towers,’’ H. E. Manning, 
.30 p.m. 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 

Mon., Oct. 10th.—VALUATION AND RATING GENERAL MEETING : 
12, Great George Street, Westminster, London, S.W.1, “* Valua- 
tion of Houses and Flats for Rating Purposes,’’ H. D. S. Stiles, 
5.30 p.m. 

Tues., Oct. 18th_—LaND Surveyors’ GENERAL MEETING: 12, 
Great George Street, Westminster, London, S.W.1, ‘‘ Photo- 
grammetric Plotting Machines : An Historical Review of Their 
Development,’’ E. A. Miskin, 5.30 p.m. 


ROYAL METEOROLOGICAL SOCIETY 
Tues., Oct. 11th.—Luton Girls’ High School, Luton, “ Clouds,” 
F. H. Ludlam, 5.30 p.m. 


ROYAL SOCIETY FOR THE PROMOTION OF HEALTH 
Thurs., Oct. 13th.—BuRY SESSIONAL MEETING : Municipal Tech- 
nical College, Bury, “‘ The Treatment of Gaseous and Liquid 
Effluents from Manufacture of Regenerated Cellulose Film,’ 
os B. Roberts ; “‘ The Promotion of Health,’’ K. K. Wood 
a.m. 


SHEET AND STRIP METAL USERS’ TECHNICAL 
ASSOCIATION 
Mon. and Tues., Oct. 10th and 11th.—Institution of Electrical 
Engineers, Savoy Piace, London, W.C.2, Special Conference on 
Modern Materials. 


SHEFFIELD METALLURGICAL ASSOCIATION 4 
Tues., Oct. 11th._—B.1.S.R.A. Laboratories, Hoyle Street, Shef- 
field, 3, Discussion Evening on “Electric Furnaces with 
Particular Reference to Refractories,”’ introductory talk, F. T. 
Bagnall, 7 p.m. 


SOCIETY OF CHEMICAL INDUSTRY , 
Wed., Oct. 12th.—Corrosion GrouP : Burlington House, Picca- 
dilly, London, W.1, “‘ The Composition of Sprayed Aluminium 
Coatings,’’ F. A. Champion and G. W. Walkiden ; “ Sprayed 
Alloy Coatings,’’ T. P. Hoar, 6.30 p.m. 


Wed., Oct. Science 


OF ENGINEERS 





